The immediate effects of an acute bout of moderate physical activity on cognitive processing in children. by Clark, Gary Edward
T  HE IMMEDIATE EFFECTS OF AN ACUTE BOUT OF MODERATE PHYSICAL
ACTIVITY ON COGNITIVE PROCESSING IN CHILDREN 
 
 
 
 
 
 
 
 
by 
Gary Edward Clark 
Bachelor of Science, Lock Haven University, 1988 
Master of Science, Western Kentucky University, 1990 
 
 
 
 
 
 
 
 
 
Submitted to the Graduate Faculty of 
School of Education in partial fulfillment  
of the requirements for the degree of 
Doctor of Philosophy 
 
 
 
 
 
 
 
 
University of Pittsburgh 
 
 
2008   
 ii 
UNIVERSITY OF PITTSBURGH 
SCHOOL OF EDUCATION 
 
 
 
 
 
 
 
 
This dissertation was presented 
 
by 
 
 
Gary Edward Clark 
 
 
 
It was defended on 
April 3, 2008 
and approved by 
Mary Duquin Ph.D., Associate Professor, Department of Health and Physical Activity 
Carl Johnson Ph.D., Associate Professor, Department of Psychology in Education 
Robert Robertson Ph.D., Professor, Department of Health and Physical Activity 
Dissertation Advisor: Jere Gallagher Ph.D., Associate Professor/Associate Dean, Department 
of Health and Physical Activity/Dean’s Office 
 
 iii 
Copyright © by Gary Edward Clark 
2008 
  
Th
gr
hy
tas
pe
m
ph
re
ex
sig
re
be
fo
th
twTHE IMMEDIATE EFFECTS OF AN ACUTE BOUT OF MODERATE PHYSICAL 
ACTIVITY ON COGNITIVE PROCESSING IN CHILDREN 
Gary Edward Clark 
University of Pittsburgh, 2008iv 
is study examined the effect of acute physical activity on cognitive tasks of 37, 7th and 8th 
ade females. Subjects’ cognitive performance following acute physical activity was 
pothesized to be significantly better on five tasks (choice reaction time, probed memory, dual 
k, vigilance, executive function) used in the study, with no significant difference in 
rformance hypothesized for the sixth (simple reaction time).  
The study assessed cognitive tasks twice, following a 30 minute sedentary period and 30 
inutes of physical activity. The within subject design compared the independent variable of 
ysical activity level (activity or none) on the dependent variables simple reaction time, choice 
action time, dual task-tracking and simple reaction time, vigilance, probed memory, and 
ecutive function. 
Results indicated that for the simple reaction time task subjects demonstrated 
nificantly faster (reaction and movement) times following acute physical activity. For choice 
action time the percent of correct responses was significantly higher following sedentary 
havior, while for choice reaction and movement time, subjects were significantly faster 
llowing acute physical activity. Analysis of probed memory reported no significance between 
e scores following the two activity sessions. Analysis of dual task reported no significance for 
o subcomponents, however a significant difference was reported for the third subcomponent. 
 v 
Analysis of vigilance reported subjects demonstrated significantly improved performance on two 
subcomponents following physical activity. Analysis of the third subcomponent did not report 
significance. Performance on the executive function task was mixed with no significance 
reported for subjects between the following physical activity and following sedentary behavior 
scores, while significance was reported with regard to time to complete the task. 
Levels of significance were not reached for every task, however there was a trend 
consistent with expectations for those that did not reach significance (With the exception of 
choice reaction time percentage of correct responses.), following physical activity, performance 
was better.  
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PREFACE 
Famous outdoor writer Hal Borland stated; “knowing trees, I understand the meaning of 
patience, knowing grass, I can appreciate persistence”. Thank you to everyone who has traveled 
in part or whole with me on this tree lined and grass covered long and winding path.  
Special thanks to committee members Dr. Robert Robertson, Dr. Mary Duquin, and Dr. 
Carl Johnson. Thank your for your service on my committee but also for the role you played in 
my education. Whether sitting in a classroom, talking in the hallway, or simply your leading by 
example, you broadened my horizons in ways you many not recognize, and prodded me to 
explore avenues where I otherwise would not have ventured.  
To friend and colleague Allen Wagner, words are not able to express my appreciation. To 
Dr. Jere Gallagher saying thanks for all that you have done for me seems hollow and insufficient, 
but please realize it is a sincere thank you from the bottom of my heart and the depth of my soul, 
so thank you. 
For my family, especially my mother and father, you were always there for me. I hope 
you understand how much I appreciate that simple fact. You also instilled in me the work ethic to 
keep going. As for my wife Nicole and sons Edy and James this is not time to take pause. Good 
fortune is ours and new adventures await, I look forward to a lifetime of adventures as a family. 
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1.0  INTRODUCTION 
Physical activity will not turn a child into a gifted musician or suddenly raise their IQ. Achieving 
your fullest potential is due to multiple factors, innate ability, motivation, practice, etc. (Larson 
& Zaichkowky, 1995). So what effect does physical activity have? Is there a link between acute 
physical activity and cognitive function? The literature indicates that improvements in cognitive 
function due to acute physical activity for adults are not due to chance (Spirduso & Asplund, 
1995). Studies by Dwyer, Sallis, Blizzard, Lazarus, and Dean (2001), Linder (2002), Tremblay, 
Inman and Willms (2000) support the idea that children who are physically active have academic 
performance standards exceeding those of their sedentary peers. The literature, however, 
demonstrates that a robust relationship is not consistently reported specifically as related to the 
effects of acute physical activity on children. Current evidence continues to support the premise 
that physical activity enhances early brain development and maintains cognitive function (Jable, 
1998), but whether acute physical activity translates into a measurable improvement in cognitive 
function is a new area of inquiry with limited research available (Schuler, Chodzko-Zajko, & 
Tomporowski, 1993).  
The study of physical activity, its effects on the human body, and impact on education is 
in its infancy. Only since the 1970’s have organizations seriously begun to issue exercise 
guidelines, and not until the 1990’s did the American College of Sports Medicine, American 
Heart Association, the Centers for Disease Control and Prevention (CDC), the Presidents 
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Council of Physical Fitness and Sports, and the National Institutes of Health firmly state that 
moderate intensity physical activity offers benefits to health and wellness (Rowland & Freedson, 
1994; The U.S. Department of Health & Human Services, 1996). Healthy children learn better; 
factors including physical activity, fitness, and cognitive processing are inextricably linked and 
an increase in the overall health status of a learner has the potential to positively impact overall 
academic achievement (Devaney, Schochet, Thornton, Fasciano, & Gavin, 1993; Symons, 
Cinelli, James, & Groff, 1997).  
The objective of this study is to examine the effect that an acute bout of physical activity 
has on subsequent cognitive tasks as compared to performance on the same cognitive tasks 
following sedentary behavior. The research on the impact of acute physical activity on cognitive 
function in children is a new area of inquiry (Schuler, Chodzko-Zajko, & Tomporowski, 1993), 
very little research is available, specifically for children. For this reason the scope of the 
literature review will examine various areas of inquiry including chronic and acute physical 
activity. Research into cognitive responses to physical activity produced two common 
methodologies. The predominate method of inquiry examines effects of chronic physical activity 
programs (weeks or months) while the second examines the effect of acute (individual session) 
physical activity (Tomporowski, 2003). When exploring the effects of activity on cognitive 
function, chronic programs attribute cognitive changes to the cumulative effect of activity (i.e. 
improved cardio respiratory fitness), while acute programs attribute changes to the immediate 
(i.e. glucose utilization) effects of activity. Within the literature, few studies specifically address 
the effects of a single acute bout of physical activity on children’s cognitive performance 
(Schuler, Chodzko-Zajko, & Tomporowski, 1993). Just as different types of physical activity 
have been examined in studies, a wide variety of subject pools, and theories have been 
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introduced to explain how physical activity levels could impact cognitive function. The 
subsequent sections will review the more prevalent adult studies, existing child studies, as well 
as addressing the theoretical basis for the current study.  
1.1 ADULT STUDIES 
The literature has consistently documented the positive affect of fitness and a physically active 
lifestyle on older adults (Barnes, Yaffe & Satariano, 2003; Hirsch & Hirsch, 1998; Weuve, 
Kang, Manson, Breteler, Ware & Grodstein, 2004). Physical activity has been shown to relate to 
cognitive function (Emery, 1995; Hassm’n & Koivula, 1997). Active fit adults consistently 
demonstrate faster simple and choice reaction times indicating they are faster at making 
decisions (Chodko-Zojko 1991; Dipietro, Seeman, Merrill, & Berkman, 1996; Rowland, 1990). 
Studies also support the premise that physically fit/active adults have higher cognitive 
performance scores (Chodzko-Zajko & Moore, 1994; Hultsch, Hammer, & Small, 1993) 
indicating cognitive benefits might be received from physical activity. Consistently throughout 
the literature it is firmly established that physically active and physically fit adults consistently 
have improved performance on cognitive tasks over their sedentary peers. Based on these results 
on older adults, the obvious question is, what effect would physical activity have for school aged 
children during critical stages of their learning. 
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1.2 CHILD STUDIES 
There have been relatively few pediatric studies addressing the mind body connection. The 
limited number of studies is further confounded by difficulty in comparing methodologies in the 
existing studies such as categorizing the type of cognitive process being assessed and how 
physical activity/fitness is expected to affect different types of intelligence (Spirduso & Asplund, 
1995).  
Purported improvements in school settings using physical activity programs include 
reduced disruptive behavior, increased concentration, and improved scores in reading, writing, 
and mathematics. These results have been touted to occur even when the increase in physical 
activity resulted in reduced time for other academic subjects (Symons, 1997).  
Studies support the premise that cognition and physical activity in children have a 
connection. Using a survey to establish physical activity levels, Tremblay, Inman, and Willms 
(2000) found a weak relationship with academic achievement in mathematics and reading in 12-
year-olds. The Trois Rivieres study in Quebec, Canada was a six year cross sectional 
longitudinal study of students (grades 2 through 6). One class of 546 students served as the 
treatment group while the preceding and succeeding grades served as controls. The treatment 
consisted of a 14% reduction in academic time and an additional one hour per day of physical 
education. For four of the six years the treatment group outperformed the controls significantly, 
even though the control groups started with better academic scores (Shephard, Volle, LaBarre, 
Jequier, & Rajic, 1984). 
In a Hong Kong study, schools were banded by prestige groups (high, medium, and low) 
with students from the schools completing a survey (Lindner, 2002) about the type, frequency, 
and duration of up to five activities and to rank their own academic potential/performance during 
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the 1998-1999 school year. Academic assessment values were received for subjects in the study 
in the form of grades from participating schools. Results of the study demonstrated evidence for 
a positive link between activity participation and academic performance however the study did 
not make definitive conclusions due to affordances related to school banding. 
In the Australian School Health, Academic Performance and Exercise study, researchers 
increased physical activity time for the treatment groups from 30 minutes 3 days a week to 75 
minutes a day, and emphasized either cardiovascular or skill development with reduced time in 
other academic disciplines. Students with increased physical education time, especially activity 
with an emphasis on fitness, did not fall behind their peers in arithmetic and reading and also 
demonstrated significant improvements in classroom behavior. A follow-up study found the 
treatment group also maintained a higher level of classroom behavior and improved scores over 
the control group in arithmetic and reading (Dwyer, Coonan, Worsley, & Leitch, 1979; Dwyer, 
Coonan, Leitch, Hetzel, & Baghurst, 1983). Another Australian study used a questionnaire 
analyzing physical activity and sport performance of 7 to 15-year-olds during the previous week 
as well as fitness measures (long jump, 50 meter sprint, push ups, sit ups, 1.6 kilometer run). The 
activity questionnaire and fitness test scores were correlated with student academic performance 
using a five point rating scale (excellent, above average, average, below average, poor) to assess 
the scholastic ability of students. Results of the study demonstrated that academic ratings were 
consistently correlated with physical activity ratings from the questionnaire and fitness test 
scores for both males and females (Dwyer, Sallis, Blizzard, Lazarus & Dean, 2001).   
Gabbard and Barton (1979) found that physical activity could affect cognitive function 
(mathematical computations) in second graders using 20, 30, 40, and 50 minute sub maximal 
cycle ergometer exercise sessions. The study found significant differences between 6 sessions 
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with the 40 and 50 minute time frames demonstrating the best mean math scores. There was no 
significant difference between the pre and post mean math scores for the no exertion sessions. 
Research findings for this study are consistent with the literature recommending a minimum of 
20 to 40 minutes of moderate activity to affect psychological mood states. Results of this study 
also support the proposal that an acute bout of physical activity can have an affect on cognitive 
function. A similar design (McNaughten & Gabbard, 1993) used 20, 30, and 40-minute moderate 
intensity walking with sixth grade students at three different times during the school day 
followed by a 90 second mathematical computation test. Although no significant differences 
were found for scores during the morning (8:30 am) activity session, the children’s performance 
for the afternoon sessions (11:50 am and 2:20 pm) was significantly improved on the 
mathematical computation scores after walking the 30 and 40 minutes. These studies 
demonstrate that an acute bout of physical activity can have an immediate effect on cognitive 
processing in children. 
1.3 THEORETICAL BASIS 
Suggested mechanisms for improved cognitive function related to physical activity include 
improved cardiorespiratory fitness, improved cerebral blood flow, changes in hormonal levels, 
change in arousal level, enhanced self-esteem (Tremblay, Inman, & Willms, 2000), improved 
self concept, less depression, increased ability to concentrate, and improved behavior in the 
classroom setting. This has prompted development of many theories including the Activation 
Theory, Inverted U Hypothesis, the Moderator Model, and Oxygen Hypothesis among others, the 
research suggests that these theories are plausible and offer an explanation for how the level of 
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physical activity can play a role in cognitive function. An examination of Table 1 (below) 
presents a visual representation of eight theories and a brief description of their mechanism. The 
table permits a comparison of these mechanisms enabling consideration of how they may 
interact. This is important as the overarching challenge with this line of research however is 
trying to discern the pertinent variables. For example, animal research (Milgram et al., 2005) has 
consistently used varying environmental (nutrition, sleep) factors including a stimulating 
environment (toys, exercise) as a major component when examining the effects of activity on 
cognitive function. This stimulating environment could be classified as a theory itself as 
illustrated by Kemper (2001) in his discussion of action or interaction. Kemper (2001) explains 
that although it is easy to measure physical activity on a treadmill (action) to elevate heart rate 
(improved blood flow, mood state, etc.), a stimulating environment (running in the park) may 
require more attentional resources (interaction) than running on a treadmill alone. Running in the 
park may require the same level of physical activity as on a treadmill, but could require a 
significantly higher level of sensory input when crossing a busy street, attending to other people, 
distractions and a variety of sights, sounds, and noises. A stimulating environment can vary from 
person to person; with one person who is afraid of dogs reacting differently to a dog in the park 
than someone who likes dogs. Although it may be possible to elevate heart rate to a certain level, 
evaluating what constitutes a stimulating environment proves more challenging, and a 
stimulating environment could be an important component of improved attention.  Even though 
the literature is overwhelmingly supportive of the tenet that physical activity can impact 
cognitive function, it is evident that the process is extremely complex and a single ‘answer’ in 
the form of a physiological process is difficult to identify, and with a fair amount of overlap 
occurring between many of the theories it is unlikely that physical activity alone improves 
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cognitive function. Rather it is more likely (Kemper, 2001) an interaction occurring from 
stimulation of neuronal activation and the sensory system facilitated by physical activity. The 
next section will begin a more detailed explanation of these theories, beginning with the Inverted 
U hypothesis to facilitate a better understanding of individual theories as well as possible 
interaction between theories. 
 
 
Table 1: Cognitive Function Theories 
Theory Mechanism  
Inverted U An optimal level of arousal exists for peak performance. 
Activation Theory and 
Neurotransmitters 
Stimulate motor and sensory cortex, impact of activity on 
catecholamines, cortisol, seratonin, etc. 
Cognitive Reserve Hypothesis High levels of physical activity at a younger age result in 
higher cognitive function later in life. 
Moderator Model Increased exercise frequency because people feel it will 
help prevent cognitive decline. 
Mood State Physical activity results in ‘feeling’ better, improved self-
esteem, reduced stress. 
Cerebral Blood Flow and Oxygen 
Hypothesis 
Increased blood flow with higher level of oxygen, glucose 
and nutrients to the brain. 
Structural Changes including 
Synaptic Development 
Increased vascular density, neurogenesis. 
Stimulating Environment High level of sensory input increases alertness/arousal. 
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1.3.1 Inverted U Hypothesis 
The Inverted-U Hypothesis is sometimes referred to as the Yerkes-Dodson Law. The 
basis of the principle is that the human organism performs best on a continuum of arousal for 
different activities and that physical activity can increase physiological arousal. Acute physical 
activity could (Raglin, 1997) raise arousal levels impacting fluid intelligence during or shortly 
following physical activity.  The arousal continuum has been defined (Gould & Krane, 1992) as 
ranging from deep sleep to intense excitement. Having the appropriate level of arousal can either 
enhance or retard performance for a given task. For example many children are very excited on 
Christmas Eve, and this high level of arousal can impede the task/goal of going to bed. More 
specifically related to skilled movement; precise skilled movements (fine motor skill) require 
high attentional requirements and are best performed at a lower arousal level. Large muscle 
(gross motor) tasks require a low level of attention and would be best performed at a high level 
of arousal.  
Two theories related to the Inverted U Hypothesis include the Catastrophe Hypothesis 
and the Reversal Hypothesis.  The Catastrophe Hypothesis views the Inverted U theory as too 
limiting. Instead of a gradual decline in performance as is indicated with the Inverted U, in the 
Catastrophe Hypothesis the complex interaction of physiological arousal and cognitive anxiety 
increase until a point is reached that has an abrupt impact on performance (Gould & Krane, 
1992). The theory postulates that arousal can improve performance, however negative arousal 
(anxiety) of a certain degree will result in a catastrophic decline in performance (Hardy, 1990).  
The Reversal Hypothesis is based on how each individual interprets their arousal level. 
One person can interpret a certain level of arousal in a positive way, while a second individual 
perceives the same level of arousal in a negative way (Kerr, 1990). An example would be having 
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two students participating in the same activity (high ropes course). One student may find success 
and find the activity exciting while a second student has a negative experience and this produces 
anxiety. A continuation of this hypothesis also predicts that what an individual may initially find 
enjoyable (positive arousal) and exciting could easily change (reverse) to anxiety and fear.  
Other explanations for how arousal can improve cognitive processing include action 
decrement (Walker, 1958) that proposes that arousal permits an increase in retrieval of 
information of long-term memory traces. Subsequent research (Revelle & Loftus, 1990) has 
explained how arousal affects memory with the tick rate hypothesis. This hypothesis proposes 
that a higher arousal level increases the sampling of environmental cues and a quicker response 
rate. This hypothesis further predicts that an elevated arousal level should improve long term 
retrieval of information because of the rate that information is associated with both internal and 
external context. 
1.3.2 Activation Theory and Neurotransmitters 
The activation theory hypothesizes that sufficient physical activity can improve brain activation. 
This theory has overlap with other theories as regarding increased arousal, however it looks 
primarily at effects on the brain. Proposed mechanisms with this theory include changes in alpha 
wave activity and changes in neurochemicals that mimic those found in other learning situations. 
Poehlman, Gardner, and Goran (1992) studied older adults and found that over an eight week 
training period norepinephrine and plasma levels increased significantly. Research on humans 
and animals (Spirduso, 1983) has also reported increased norepinephrine and plasma, 
endorphins, and seratonin levels from various durations of aerobic activity. There could be some 
obvious overlap with this theory and theories examining structural changes and neural 
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development, which is discussed in greater detail below, and arousal which was previously 
discussed. For example increased levels of brain wave activity or changes in neurochemical 
levels could be classified as a specific measurement of a subjects level of arousal. 
1.3.3 Cognitive Reserve Hypothesis 
The association between early life physical activity and delayed late-life cognitive deficits has 
been described as the cognitive reserve hypothesis. Brain reserve has been described using a 
computer analogy as hardware with cognitive reserve as software. Combined together these 
contribute to global reserve, however the literature often makes no discrimination between the 
three terms. The premise is that physical activity stimulates trophic factors and neuronal growth 
in the brain resulting in a higher brain reserve capacity. Individuals who have been physically 
active demonstrate higher cognitive function and resilience to neuropathological damage (Dik, 
Deeg, Visser, & Jonker, 2003). The cognitive reserve hypothesis is further demonstrated by 
Colcombe, Erickson, Raz, Webb, Cohen, McAuley, and Kramer (2003). who examined the 
effects of aerobic exercise on the brain of older adults and concluded that aerobic exercise 
preserved white (myelin sheath) and gray (neurons) matter in the parietal, frontal, and temporal 
areas, which are vital to higher order thinking.  
Another component to be considered with regard to growing developing children and the 
cognitive reserve hypothesis is the impact that hormonal change could play. Although limited 
research exists in this area with regard to children, a study using adult women (Cotman & 
Berchtold, 2002) illustrates the point. The study discussed how voluntary exercise increases 
levels of brain-derived neurotrophic factor, which in turn stimulated neurogenisis. The study 
however also discussed how steroid hormones influence the brain and that women with reduced 
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levels of estrogen, can have compromised neuronal function. Estrogens neuroprotective effects 
appear to occur at the mitochondrial level through regulation of calcium homeostasis protecting 
it from free radicals that impede energy production. In growing and developing children with 
fluctuating hormone levels during different stages of maturation this could be a consideration. 
However no literature was found addressing the interaction that hormonal changes including 
estrogen levels might play with regard to acute physical activity specifically with regard to 
adolescent females.  
1.3.4 Moderator Model 
Van Boxtel, Paas, Houx, Adam, Teeken, and Jolles (1997) studied subjects (aged 24-to-
76 years) using multiple cognitive assessments (intelligence, verbal memory, and cognitive 
speed) compared with aerobic fitness level using a submaximal bicycle ergometer test. 
Conclusions indicated that fitness level impacted cognitive processes requiring greater 
attentional resources. The study supports the moderator model that individuals who maintain an 
adequate level of fitness throughout life can slow age related decline in attentional resources 
helping them to perform at a higher level on cognitive assessments than their less fit peers 
(Tomporowski & Ellis, 1986). 
1.3.5 Mood State 
Physical activity can have a positive effect on psychological variables (U.S. Department of 
Health & Human services, 1996) and can impact cognitive processing. Evidence suggests 
physical activity has psychological benefits in four broad areas: higher quality of life, enhanced 
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mood, stress reduction, and improved self-concept (Berger, 1996). Adult studies demonstrate 
significant results in areas including depression (U.S. Department of Health and Human services, 
1996), self-esteem, self-concept, reduced anxiety and reduced stress (CDC, 1997). Calfas and 
Taylor (1994) reviewed 20 studies with subjects ranging from age 11-to 21-years. They 
concluded from their meta-analysis that physical activity provides moderate psychological 
benefits for youth. Chung and Baird (1999) reviewed the literature concerning the psychological 
effects of physical exercise and found a positive correlation between physical exercise and 
mental health variables (depression, anxiety, and self-esteem). They concluded by proposing 
guidelines and recommendations for counselors to consider using physical exercise as an added 
counseling tool. 
Specifically with regard to a school setting, anxiety can interfere with the ability to 
perform well, and can manifest itself in physical symptoms including tension, inability to 
communicate, stomachaches, and headaches, which in turn can result in poor grades, lowered 
self-esteem, and other stress related physical ailments (Austin & Partridge, 1995). Physical 
activity can reduce tension, anger, and depression through altering the mood state (Berger, 1996) 
and has been identified as a way to reduce stress (Anshel, 1996; Calfas & Taylor, 1994). 
Theories on how physical activity reduces stress include self-perception of control, mastery, self-
efficacy, distraction, and social interactions. Possible biological mechanisms include altered 
autonomic, endocrine, and brain monoamine and neuropeptide responses to stress and increased 
body temperature.  
Along with a positive impact on mood state, physical activity has been cited as a possible 
prescription for numerous cognitive related ailments including depression, ADD, ADHD, as well 
as having an ability to moderate cognitive ability.  For theories such as the oxygen hypothesis, 
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determinants such as time and intensity of physical activity are important. With mood state, the 
type of activity performed can be significant as well. The literature has demonstrated that to 
address the optimal level of activity to facilitate cognitive development, the first step may be to 
find an activity that is enjoyable. Physiological benefits (caloric expenditure, strength, 
cardiovascular conditioning, etc.) can be gained from any activity, but participating in an activity 
that is personally enjoyable has an implication for mood state (Berger, 1996). Berger (1996) cites 
three characteristics that affect the level of mood enhancement: rhythmical abdominal breathing, 
absence of competition, and closed/predictable activity. The highest levels of positive mood 
alteration appear to occur with moderate levels of activity (Thayer, Newman, & McClain, 1994), 
which raise energetic arousal and length of the activity has been cited (Pierce, Madden, Siegel, & 
Blumenthal, 1993) as needing to be in the 20 to 40 minute range.  
A complication of using mood state as an explanation for improved cognitive function is 
whether the impact is from mood state or arousal (Ellis, Thomas, McFarland & Lane, 1985).  If 
an individual has a positive mood (elevated emotional state), perhaps the mood state is simply a 
means through which arousal can be elevated 
1.3.6 Cerebral Blood Flow and Oxygen Hypothesis 
The cerebral blood flow and oxygen hypothesis theories propose that physical activity results in 
increased cerebral blood flow and oxygen transport to the brain resulting in increased resources 
for performance and ability to function optimally.  
Tomporowski (2003) cited studies that implemented a moderate intensity aerobic 
exercise and reported improvement in cognitive performance during and following activity. 
Blomquist and Danner (1987) examined the effects that physical conditioning had on 66 adults 
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(aged 18-to 48-years) information processing. At the conclusion of a 12-week period subjects 
were classified based on their improvement in predicted maximal oxygen uptake. To measure 
information processing researchers used a memory search task, a name retrieval task, an 
intelligence test, and a memory test. Analysis of the results showed both groups of subjects 
improved in every category, with the exception of the intelligence test. The fit subjects also 
tended to perform better than the less fit group although this finding was not statistically 
significant. 
Long term (chronic physical activity), a higher level of health-related fitness, and even a 
short term single (acute) bout of physical activity, could increase cortical oxygen availability 
(oxygen hypothesis) and impact cognitive function. In 2001, Bunce reviewed research that 
investigated cortical oxygen availability and cognitive function. A reduction in cerebral oxygen 
(high altitude, hypoxia) was found to reduce scores on cognitive performance tasks, including 
reaction time and movement time (Fowler, Taylor, & Porlier, 1987; Kramer, Coyne, & Strayer, 
1993), while administration of oxygen positively affected subjects’ short term memory 
performance in tasks in subjects as young as 18-years-of-age (Moss & Scholey, 1996).  
1.3.7 Structural Changes including Synaptic Development 
Permanent physiological changes (Eitner, Salazar, Landers, Petruzzello, Han, & Nowell, 1997) 
are another possible explanation for improved cognitive performance in active individuals. One 
of the most exciting structural changes is the creation of new neurons (neurogenesis). In the 
1940’s theories such as Gesell’s Maturation Theory supported a genetic (nature) view of 
development. During the 1960’s however researchers used tracer chemicals to show glial cells or 
neurons could be regenerated in adult rats (Altman & Das, 1965). The 1980’s ushered in further 
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change as researchers demonstrated that the environment (nurture) affects brain weight and 
neural connections in rats (Ronzenzweig & Bennett, 1996).  By the 1990’s environment was 
established to affect neural development. Rats using a running wheel (van Pragg, 1999) or 
swimming pool grew brain cells at a significantly higher rate than rats completing a simple 
learning task. Studies using rats (Isaacs, Anderson, Alcantara, Black, & Greenough, 1992) also 
suggested that physical activity in the form of endurance training promoted metabolic support for 
synaptic development. Adult rats that followed a 30-day training period showed development of 
new blood vessels in their brains.  Milgram, et al. (2005) examined cognitive function in beagles 
that were fed a diet fortified with fruits, vegetables, vitamins, provided with cognitive 
stimulation, and exercised at least twice a week. Beagles receiving this intervention were found 
to demonstrate improved cognitive processing. 
Research has also shown that adult humans can generate new brain cells. Autopsies 
completed on throat cancer patients (Eriksson, Perfilieva, Bjork-Eriksson, Alborn, Norborg, & 
Peterson, 1998) found that in fact, new cells (neurogenisis) were being generated in the 
hippocampus region of the human adult brain. What is less understood is the exact mechanism 
facilitating development of these new brain cells, and what function these new cells would serve. 
When examining possible structural changes as a theory to explain cognitive improvement the 
overlap with theories such as the Inverted U Hypothesis becomes evident. For example how 
much physical activity is required to facilitate the most improvement (neurogenisis), and is there 
a point of diminished return (Inverted U)? This was demonstrated in a study by Rhodes, et al. 
(2003). In this study mice were bred to over exercise, but the neurogenesis reached a plateau and 
improvement ceased. These types of overlapping of theories are common in the literature. Calvin 
(1993) proposed in his unitary hypothesis that structural changes resulting from physical activity 
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likely resulted in the development of speech in humans and that for pre-planned movement, 
language, throwing, and novel manipulations, the brain has a common neural circuitry. Theories 
of this nature provide insight into how neurogenisis from physical activity has potential to impact 
cognitive function in other areas due to the overlapping circuitry for preplanned ballistic 
movements such as throwing and writing. 
The literature supports the theory that environmental factors such as physical activity can 
affect brain structure but exactly what this means is unclear. Although at birth the human brain 
has already achieved a significant level of development a great deal of learning and development 
continues to occur throughout life and it is obviously important further examine how 
environmental factors affect the brain (Shore, 1997). One such environmental factor that has the 
potential to impact cognitive function is physical activity. 
1.4 PHYSICAL ACTIVITY RESEARCH 
A review of the literature reveals that the study of physical activity and the effect it has 
on the human body and cognitive development is a relatively new area of study. It was not until 
the 1990’s that organizations such as the American College of Sports Medicine, American Heart 
Association, the Centers for Disease Control and Prevention, the Presidents Council of Physical 
Fitness and Sports, and the National Institutes of Health have made recommendations that 
physical activity offers benefits to health and wellness (Rowland & Freedson, 1994; The U.S. 
Department of Health and Human Services, 1996). These recommendations have ushered in new 
lines of inquiry including the impact of physical activity on cognition and academic 
achievement. 
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In 2002 the California Department of Education released a study indicating that fit kids 
perform better academically. The study utilized the state mandated Fitnessgram fitness test and 
the Stanford Achievement Test (SAT) for students in 5th, 7th, and 9th grade. Over 900,000 
students had their reading and math scores from the SAT’s compared to their fitness scores. For 
each grade level assessed, students with a higher fitness level also demonstrated higher 
achievement scores. With students who met the minimum (healthy fitness zone) Fitnessgram 
levels in three or more of the fitness areas demonstrating the greatest gains in academic 
achievement. Overall females especially those of a higher fitness level performed better than 
males on the achievement tests.  
Sports, Play, and Active Recreation for Kids (SPARK) was implemented (Sallis, 
McKenzie, Kolody, Lewis, Marshall, & Rosengard; 1999) to examine 1,538 students from a 
school district in Southern California. The two-year study assessed students (fourth, fifth, and 
sixth grades) on variables including physical fitness, psychosocial variables, and physical 
activity. The items were measured using a variety of measures including surveys, physical 
activity monitors, parental surveys, and fitness tests. The curricular intervention (SPARK) 
promoted physical activity in classes a minimum of three times per week for 30 minutes. The 
Metropolitan Achievement Test was used to measure academic achievement. The study found 
that spending more time in physical education did not have a detrimental effect on standardized 
test scores for the children and indicated favorable effects on academic achievement. This 
included the fact that teachers trained in the SPARK program, and physical education specialists 
spent more time in physical education and less time in other academic classes than the control 
group with no adverse impact to academic achievement. However no cognitive improvement 
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was reported due to the modified curriculum as no significant changes occurred in academic 
achievement scores.  
The premise of this research study is that physical activity needs to be viewed as a 
process and not a product. The process of quantifying the intensity level within individual (acute) 
bouts of physical activity has been consistently performed using heart rate monitors in a variety 
of venues (Allen, 1988; Strand & Reeder, 1993) and is well documented and validated for 
children (Epstein, Paluch, Kalakanis, Goldfield, Cerny, & Roemmich, 2001; Trieiber, Musante, 
Hartdagan, Davis, Levy, & Strong, 1989).  
 It is also important to recognize that a structured form of high intensity exercise is not 
needed to produce the beneficial effects that many people aspire to reach. Moderate physical 
activity of at least 30 minutes is recommended for children with heart rate being a recommended 
method to assess physical activity level (Franks, 1997; Montoye, Kemper, Saris, & Washburn, 
1996).  In a study of sedentary adults, 30 minute bouts of physical activity each week were 
effective in improving blood pressure and cardiorespiratory fitness (Dunn, Marcus, Kampert, 
Garcia, Kohl, & Blair, 1999). Studies have also shown an association between levels of physical 
activity and physical fitness in young children (Pate, Dowda, & Ross, 1990). The question is 
whether acute activity can influence arousal and affect cognitive function. The optimal level for 
arousal in adults appears to be achieved using moderate to vigorous intensities of 40 to 80 
percent of maximum oxygen uptake performed for at least 20 minutes (Brisswalter, Collardeau, 
& Rene, 2002). Also as was previously discussed, the type of activity (enjoyment) can play a 
significant role in mood state and continued participation. 
The importance of maintaining continued participation in physical activity in children to 
improve health and fitness is obviously important. The American Academy of Pediatrics (1992) 
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recommends that if a child is allowed to explore and move, as they desire, that no special 
intervention (In the form of a structured regimented exercise program.) is necessary to develop 
adequate levels of health related fitness.  The American Academy of Pediatrics (1992) further 
stated that no general consensus on the amount or type of exercise for optimal health or function 
of children has been determined. This seems to indicate that organization recognizes the 
importance of physical activity but is reticent to ‘prescribe’ a structured plan for children to 
follow. Sallis and Patrick (1994) examined guidelines for adolescent physical activity finding 
recommendations that adolescents need to be active daily and that at least three times a week the 
activity should be moderate to vigorous for at least 20 minutes. The next question then is that if a 
child does have a healthy body, what impact does this have on cognitive processes. 
1.5 COGNITIVE PROCESSES 
As the literature has demonstrated a wide variety of measures have been used to infer cognitive 
improvement from physical fitness or physical activity. Measures have included behavior, test 
scores, teacher perception, and ability of students to remain on task (Ahamed, MacDonald, Reed, 
Naylor, Liu-Ambrose, & McKay, 2007; Coe, Pivarnik, Womack, Reeves, & Malina, 2006; 
Dwyer, Coonan, Leitch, Hetzel, & Baghurst, 1983; Sallis Et al., 1999). Many the previously used 
measures (test scores, teacher perceptions, etc.) are either subjective, or dependent upon 
instruction (math, science) over a period of time and would be ineffective to elucidate the effect 
of acute physical activity on cognitive processes.  
Using response times in movement tasks (mental chronometry) to study and analyze 
cognitive processes by analyzing movement and response times in perceptual-motor tasks to 
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examine the effects is more congruent for examining the effects of acute physical activity. 
Fortunately assessment methods utilizing mental chronometry are well established in the 
literature. The subsequent sections will review literature pertaining to attention, memory 
capacity, vigilance, problem solving, and examine how it can be used to assess the impact of 
acute physical activity on cognitive function. 
1.5.1 Attention 
Historically one of the most established measures used to assess cognitive function is reaction 
time.  Reaction time has been evident in the literature for over 100 years (Donders, 1869). 
Donders (1869) used three different tasks including simple reaction time, discrimination reaction 
time, and a choice reaction time task. Each task was designed to permit examination of the 
increasingly complex processes of perception and movement (simple RT), perceptual 
discrimination (discrimination RT), and response selection (choice RT) by examining 
awareness/attention and the ability/inability of individuals to interpret and process information. 
Attention, or the ability to selectively attend to one task while ignoring other information 
(Strayer, Drews, & Johnston, 2003) is a process that can be divided into a number of categories 
depending on the level of difficulty (Sohlberg & Mateer, 1989). A basic response to a specific 
auditory stimulus (simple reaction time, choice reaction time) is classified as focused attention; 
while progressively harder tasks would include the ability of sustained attention (vigilance) to a 
continuous repetitive activity. Selective attention (probed memory) alludes to ability for 
remembering information while being presented with competing stimuli. The highest levels of 
attention discussed by Sohlberg and Mateer (1989) include alternating attention where attention 
is shifted between different tasks and divided attention requiring an ability to respond 
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simultaneously to multiple tasks (dual task). A high level of attention is also required for 
executive attention (function) with a goal of achieving a specific objective and a need to attend to 
incoming information, synthesize the information with desired goals and select an action.  There 
is a limit to how much information a person is able to attend to at one time, examining this 
ability refers to working memory capacity. 
Using reaction time tasks to specifically examine the relationship between cognitive 
function and activity/fitness levels has a rich history in the literature going back over 70 years 
(Burpee & Stroll, 1936). Chronically active (fit) subjects have regularly reported improved 
reaction times scores over less fit subjects (Pierson & Montoye, 1958). Studies reporting 
improved reaction time scores have used older adults (Chodko-Zojko 1991; Dipietro, Seeman, 
Merrill, & Berkman, 1996; Rowland, 1990) and have fairly consistent results with fit subjects 
having improved simple and choice reaction time scores over unfit peers. The literature on 
younger individuals is not as consistent. When examining young adults, improved performance 
on simple and choice reaction time tasks related to activity and fitness levels were not observed 
(Spirduso, 1983; Spirduso, 1980; Spirduso, 1975). Other studies have also reported a lack of 
significance in reaction time tasks for young subjects due to level of activity or fitness, however 
it is proposed that activity could have an impact on more complicated cognitive tasks (Bashore, 
1989). More research is needed to examine if the effects of physical activity on cognition with 
regard to reaction time activities is limited to older adults. 
Beyond simple reaction time, other attentional reaction time tasks incorporate decision 
making, dual tasks, and vigilance where response times and accuracy are monitored providing 
insight into cognitive function. For these higher-level attentional tasks acute physical activity has 
been documented to have a positive impact on performance. Zervas, Apostolos, and Klissouras 
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(1991) reported choice reaction time improvements in accuracy and response times for boys (age 
11-to 14-years) following acute physical exertion with similar results being reported for adults 
(McMorris & Graydon, 2000). These studies reinforce that acute physical activity can have a 
positive impact on cognitive performance, and highlight the need to further explore this line of 
research with children of both genders. From an educational point of view these improvements in 
performance following physical activity on attention tasks are important, however with regard to 
cognitive performance and a possible link to learning, more critical is whether or not physical 
activity can contribute to improved memory and learning.  
1.5.2 Memory Capacity 
There is a limit to how much information an individual is able to process at one time with early 
studies (Miller, 1956) placing this short-term (working) memory at seven chunks of information 
at one time. These chunks of information could come in the form of numbers, letters, words, etc., 
researchers (Cowan, 2001) have proposed a capacity of below four chunks of information for 
children. 
Rather than simply reacting to a simple stimulus, Sternberg (1969) developed a probed 
memory task requiring subjects to remember a list of digits and subsequently asking them to 
recall if a specific number had been part of the list. As the number of items on the list increases, 
more processing is required for the subject to complete an exhaustive serial search through 
memory when asked to recall if a specific item was part of the list.  Requiring subjects to 
remember a list of unique numbers or letters increases the cognitive processes that are required 
to make a decision. 
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As the ability to process information is limited, and that resources within the body are 
shared (Navon & Gopher, 1979), a dual task paradigm is a method to assess individual’s ability 
to do two tasks simultaneously. The dual task paradigm is well established in the literature 
(Oberauer, Schulze, Wilhelm, & Wittmann, 2000) as a measure of working memory capacity and 
has been documented to have a high correlation with other complex tasks such as reading 
(Conway, Kane, & Engle, 2003). This aligns with previously discussed theories (Calvin, 1993) 
that many complex tasks may share a common neural circuitry, and is important when 
considering whether improved performance on tasks of this nature following physical activity 
has any relationship to higher levels of performance in a school setting. When interference 
occurs while trying to perform two tasks at one time, the performance will be impaired compared 
to completing the tasks individually. Dual task paradigms focus subjects’ attention on a primary 
task and examine their ability to perform a secondary task without degradation in performance. If 
reduction in performance does occur then the assumption is that the same cognitive resources 
were used to complete both tasks limiting the ability to process information (Wickens, 1991). For 
example many individuals are able to ride a stationary bike and read a book at the same time. To 
place this in perspective of a common real world setting, teachers often let students complete 
seatwork while they continue to teach. A student could be in class working individually trying to 
read and complete word problems for an algebra lesson while the teacher continues to talk about 
how to solve word problems. In a given period of time, the students who attends to the teacher 
will likely not complete as many problems, while the student who focuses on solving problems 
will likely miss some important points made by the teacher, and likely students may have 
reduced performance on one if not both of the tasks. There is simply too much interference with 
trying to do both of those tasks at the same time.  
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Examining the skills needed to evaluate cognitive processes is a complex process. The 
dual task activity is an important tool used during this evaluation. It is also important to 
recognize the limitations of evaluation tools. The dual task does not effectively evaluate an 
individual’s ability to concentrate and respond to subtle stimuli over an extended period. To 
evaluate this component, a vigilance task is required. 
1.5.3 Vigilance 
A simple definition of vigilance would be, waiting for something to happen. Vigilance requires a 
person to respond to a stimulus, however often it is a subtle stimulus requiring concentration and 
continual monitoring to respond to infrequent unpredictable events over a sustained time period. 
Early research on vigilance (Mackworth, 1950) found that even with relatively simple tasks 
individuals were unable to maintain attention. In Mackworth’s World War II research he found 
that radar operators would miss submarines and other objects they should have easily identified. 
The explanation for why this occurs is a reduction in alertness when an individual’s requirement 
to respond is minimal. This is why lifeguards normally rotate stations every 20-minutes and it is 
recommended to give them a break from lifeguarding each hour as well. A classroom teacher 
might consider this inability to remain on task as daydreaming, however to be successful on 
monotonous repetitive vigilance tasks requires a higher level of arousal. An example of this can 
be found in the research examining falling asleep while driving (Dinges, Jauregui, & Nguyen, 
1998; Maycock, 1996). The driving research found that on dangerous windy and curving roads 
drivers were less likely to fall asleep because they were required to constantly attend to the task 
at hand. The study also surveyed drivers to elicit responses as to the most effective ways to 
overcome drowsiness while driving; responses included pulling off the road to participate in an 
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acute bout of physical activity. The point being that although the current study is not concerned 
with tiredness and fatigue, drivers recognized that acute physical activity served as a method to 
increase their level of alertness and need for vigilance during the complex task of driving. Real 
world examples of vigilance could include working on an inspection line trying to detect flawed 
widgets as they pass by, or a student in a classroom sitting for an extended period watching a 
presentation attending for a few key points. The ability to be vigilant and attend to important 
information is critical; the next question then is whether individuals are able to use this 
information to solve actual problems. 
1.5.4 Problem Solving 
Arguably the most complex of all higher order cognitive processes is problem solving (Goldstein 
& Levin, 1987).  Simply recalling basic information or responding to a stimulus is one thing, but 
actively making decisions on how to proceed in a dynamic environment requires higher order 
thinking. A problem solving task which is well established and has been cited extensively in the 
literature (Ewert & Lambert, 1932; Mayer, 1992) is the Tower of Hanoi. The task is popular as it 
has measurable optimal levels of performance and is able to be completed in a relatively short 
period of time. The assumption of the task is that cognitive processes required and the ability to 
solve the problem is generalizable to other real world problems  (Newell & Simon, 1972). 
Higher levels of physical activity and fitness have been indicated to have a beneficial effect 
specifically with regard to activities requiring higher levels of executive control and it has been 
reported that the brain can be affected by physical activity even in adolescents (Hillman, Castelli, 
& Buck, 2005).  
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 The evaluation of cognitive processes is complicated and involves many facets. As 
discussed above, these include the ability to attend to information while ignoring irrelevant 
information (attention), the ability to remember information (memory capacity), maintaining 
attention in situations requiring an infrequent response (vigilance), and making decisions 
(problem solving). Assessment incorporating each of these components provides evaluations 
well supported within the literature that provide a broad cross section of cognitive abilities. 
1.6 PURPOSE AND RATIONALE 
Throughout history a strong mind and a strong body have been intricately linked, and the current 
trend in the United States is that young people are generally inactive, unfit, and increasingly 
overweight (American Heart Association, 2004). In society today individuals go on special diets 
and take supplements (Many with no empirical evidence to support their use.) in the hope that 
they can improve their physical and mental performance (Matheson, 2000). When behavior such 
as this is commonplace, it would be ill advised not to further examine physical activity, which 
the research has supported for promoting positive health benefits. The risks associated with a 
sedentary lifestyle, associated increase in childhood obesity, and the increased risk for hypo 
kinetic disease (Freedman, Dietz, Stinivasan, & Berenson, 1999) support a rationale for more 
research on pediatric physical activity.  
Current literature indicates that children and adults can gain myriad of health benefits 
from being physically. Cited benefits have included better stress management, lower levels of 
depression, improved nutritional choices, reduced tobacco use, positive interpersonal 
relationships, reduced anxiety, a reduction in disruptive behaviors, and lower fatigue levels 
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(Bouchard, Shephard, Stephens, Sutton, & McPherson, 1990; Hechinger, 1992; Meredith & 
Dwyer, 1991).  
The physiological benefits of physical activity and the fact that activity and fitness have 
shown positive benefits for psychological/mental health and quality of life are all indicators that 
the topic warrants further study (Biddle,Sallis, & Calvill, 1998; Sallis & Patrick, 1994). The 
bottom line is that studies consistently demonstrate a high correlation between fitness and 
specific cognitive functions, a relationship that occurs at too high a level to be happening by 
chance (Spirduso & Asplund, 1995). The question remains as to what factor(s) could be affecting 
cognitive function. Sibley and Etnier (2003) cited possible factors such as altered arousal levels, 
increased cerebral blood flow, developmental factors, and altered neurotransmitters as a few of 
the reasons why the topic of how physical activity can affect cognitive function deserves further 
study. 
Previous research on the relationship between physical activity and cognition in children 
have typically assessed cognitive change using broad measures such as achievement tests (Sallis, 
et al., 1999), performance in academic classes (Tremblay, Inman, & Willms, 2000), and grades 
in school (Lindner, 2002), The purpose of this study is to investigate the effect of acute physical 
activity on specific areas of cognition including choice reaction time, probed memory, dual task, 
vigilance, and executive function. 
1.7 HYPOTHESIS 
This study hypothesized that a significant difference would exist for choice reaction time, probed 
memory, dual task, vigilance, and the Tower of Hanoi. No differences were expected for simple 
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reaction time. The literature review has supported improved reaction time scores for fit and older 
adults, but the same results have not been consistently reported for children. Research has also 
reported that reaction time scores during moderate exercise (Brisswalter, Colldeau, & Rene, 
1995) can be adversely impacted, and as the simple RT task is the first cognitive task completed 
following physical activity little or no impact from the intervention is anticipated. 
  
1.8 LIMITATIONS 
The first limitation of the study deals with the nature of the population used. The literature 
review revealed limited information dealing with acute physical activity and cognitive function 
in children.  It is not possible to control all variables of growing and developing children; this is 
further confounded in a study of a preliminary nature. First and foremost to be considered is the 
normal growth process. It can never be stated with absolute certainty if the performance scores in 
a pretest posttest situation have been affected by growth (Micheli & Micheli, 1985). The current 
study made efforts to control for this by completing paired subject data collection within 10 days 
of each other. However a small change, even the smallest change (neurogenisis, etc.) between 
pre and post-test could affect their score on the cognitive tasks.  
The second limitation is due to the lack of specific data on acute physical activity in 
children. The reviewed literature has demonstrated the positive effects of physical fitness and 
physical activity on older populations as well as adult populations. The available literature 
examining the effects of acute physical activity on children is limited. Specifically very little 
literature was found that examined the effect of acute physical activity on information processing 
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ability and none utilizing quantifiable cognitive tasks such as those used in the current study, 
making this study a preliminary endeavor into this line of research.  
A third limitation involves the cognitive tasks. As the tasks were completed twice, a 
practice effect is possible. Also due to the preliminary nature of the work as discussed in the 
second limitation, selection of settings for cognitive tasks with regard to their duration, difficulty, 
and the sensitivity level of each task to assess the impact of acute physical activity was 
preliminary as well. 
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2.0  METHODOLOGY 
The methodology of the study includes subject characteristics and an explanation of the 
instrumentation used in the study. A description of each task (simpler reaction time, choice 
reaction time, dual task, vigilance, probed memory, and the Tower of Hanoi) is included as well 
as a breakdown of the subcomponents for each task and their purpose and rationale. Also 
included is a description of heart rate equipment, a detailed description of each cognitive task, as 
well as procedures, design, and analysis. 
2.1 SUBJECT CHARACTERISTICS 
Subjects were volunteers recruited with no emphasis placed on ethnicity or race from a 
Junior/Senior High School in Western Pennsylvania. The University of Pittsburgh Institutional 
Review Board approved the study (Appendix B). Prior to participation in the study parents 
returned the IRB consent form with both parental and student consent. 
Following approval by the Institutional Review Board at the University of Pittsburgh, an 
explanation letter and a consent form was sent to the female 7th and 8th grade students at the 
school. Of the 168 invitations to participate in the study, 39 students elected to participate 
(Breakdown of subject ages in Table 2.). One subject withdrew prior to completion of the study, 
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and data from a second subject was unusable, as she had been diagnosed with a congenital 
disorder that affected movement and motor skill. The resulting pool consisted of 37 subjects. 
 
 
Table 2. Subject Age Distribution 
Age Number of Subjects 
12 20 
13 14 
14 3 
Total 37 
(M=12.54 years, SD .650)
 
2.2 INSTRUMENTS 
Six different cognitive tasks measured in this study were general attention, selective attention, 
memory capacity, memory function and executive function. The equipment used and a specific 
explanation of each of the areas is listed below. 
2.2.1 Task Purpose and Rationale 
The tasks were chosen to examine a specific cognitive component, but as was discussed 
in the instrumentation section, tasks could be further divided into subcomponents for analysis 
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and are not mutually exclusive of each other (See Table 3) with a fair amount of overlap 
occurring between individual tasks.  
Table 3: Task Subcomponents 
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Simple RT  X* X*      
Choice RT  X* X*  X*    
Dual Task   X X*  X* X  
Vigilance     X* X* X  
Probed Memory     X    
Tower of Hanoi X*       X 
*p<.05 
 
The tasks (See Table 4) utilized varying units of measure. The six cognitive tasks used in 
the study can be further divided into 16 subcomponents. For eleven of these, a lower score would 
indicate improved performance. The exceptions to this would include correct responses (choice 
reaction time), correct responses (probed memory), time on target (dual task), and hits 
(vigilance) where a higher score would indicate improved performance.  
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Table 4: Instrumentation and Measurement 
Task Instrument Unit of Measure Assessment  
Activity Level Active/Sedentary  Physical Activity 
 Heart Rate Beats per Minute  
Simple Reaction Time Attention (Psych E)  Focused Attention 
 Reaction Time Milliseconds  
 Movement Time Milliseconds  
Choice Reaction Time Decision Making (Psych E)  Focused Attention 
 Correct Responses Percent Correct  
 Reaction Time Milliseconds  
 Movement Time Milliseconds  
Probed Memory Memory Capacity (Psych E)  Working Memory 
Selective Attention 
 Correct Responses Percent Correct  
Dual Task Attentional Capacity (Psych E)  Divided Attention 
 Reaction Time Milliseconds  
 False Hits Number  
 Misses Number  
 Time on Target Percentage  
Vigilance Memory Duration (Psych E)  Memory Function 
Sustained Attention
 Hits Number  
 Misses Number  
 False Hits Number  
Tower of Hanoi Executive Function   Executive Function 
Problem Solving 
 Moves Taken Number  
 Time to Complete Seconds  
 
 A specific explanation of the instrumentation used for each cognitive task is included 
below. 
2.2.1.1 Heart Rate 
Heart rate monitors have been shown to be valid for use in classifying level of physical activity 
categories  (active and sedentary, Sirard & Pate, 2001). The Polar E600 heart rate monitor used 
in this study was a wristwatch that acted as a receiver and an elastic strap worn around the chest 
attached to a transmitter with electrodes. The transmitter sends a signal to the monitor. Heart rate 
 35 
monitors have proven to be a valuable tool for researchers and provide valid measurements of 
heart rate when compared to electrocardiograms (Crouter, Albright, and David, 2004; Treiber, 
Musante, Hartdagan, Davis, Levy, & Strong, 1989).  
2.2.2 Cognitive Tasks 
Cognitive Assessment was completed using the Psych E self-contained computer program for 
conducting psychomotor assessment and a computerized version of the Tower of Hanoi.  The 
program ran on an IBM-compatible personal computer which recorded all scores and times. The 
computer used was a Compaq (Pentium 4, 1.6 Ghz, 256 RAM) utilizing Windows XP operating 
system. Attached to the computer was an external keyboard modified for data collection, a 
Gateway 16 inch flat screen monitor, and a Logitech Optical Mouse (See Figure 1). The selected 
test items required a total administration time of approximately 20 minutes. Test items were 
selected by program designers following a literature review of methods to assess psychomotor 
function (Hope, Woolman, Gray, Asbury, & Millar, 1998). 
 
 
Figure 1: Computer Station 
 36 
2.2.2.1 Discrete Simple Reaction Time 
To complete this test, the subject held down the s button on the modified keyboard (See Figure 
2) using their index finger with their preferred hand. Following a random interval (1 to 10 
seconds) an audible signal tone (beep) occurred. Upon appearance of the signal, the subject was 
directed to lift her index finger from the button and press the target key button (Number 7 for 
right hand preference, and number 6 for left hand preference.) with their index finger as quickly 
and as accurately as possible.  The correct responses including the total response time and its 
subcomponents (movement time and reaction time) were recorded separately to within one 
millisecond. The test consisted of 20 repeated trials. Simple reaction time serves as a general 
measure of attentional capacity examining both the motor response system and alertness. 
 
 
 
Figure 2: Modified Keyboard 
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2.2.2.2 Discrete Six Choice Reaction Time 
To complete this test the subject held down the button labeled ‘S’ using their preferred index 
finger.  As the subject held down the button a representation of the 6 target keys (keys numbered 
4-9 on the response board) was displayed on the computer monitor. Following a random interval 
(1 to 10 seconds) one of the numbered keys on the computer screen would light up. The subject 
was required to lift their index finger off the S button and press the corresponding key on the 
response board as accurately and as quickly as possible. The computer recorded the total time 
and the subcategories of reaction time and movement time for each correct response to within 
one millisecond for the 20 trials. The number of correct and incorrect responses was also 
recorded. 
2.2.2.3 Dual Task 
This test required the modified keyboard and a computer mouse. The test utilized a primary task 
of tracking, along with a secondary reaction task. The purpose of the test is to keep the subject 
focused on the primary task and measure how the primary task impairs performance on the 
secondary task. To complete the primary task the subject used a computer mouse with their 
dominant hand in an effort to keep the cursor on a circular target that moved in a smooth but 
random pattern on the computer screen. The subject would keep the index finger of their non-
dominant hand lightly touching (but not depressing) the ‘S’ button on the modified keyboard. At 
random intervals and locations during this primary task a small sun shaped symbol would appear 
on the computer screen at which time the subject would quickly tap (depress and release) the ‘S’ 
button with their non dominant index finger. The computer recorded the percentage of time the 
cursor was on the target for the primary task, along with false hits, misses, and reaction time to 
the nearest one millisecond for the secondary task. The dual task served as a measure of selective 
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attention as the task required the subject to attend to the primary task while responding to a 
secondary task when appropriate. 
2.2.2.4 Vigilance 
For this test, three digit numbers would flash on the computer screen. The numbers were 
presented at a rate of 100 per minute. During the test 92% of the three digit numbers would be 
different from the previous number in one of the digits. The Remaining 8% of the numbers 
presented during the test were duplicates of the previous number. The subject was required to 
lightly touch but not depress the ‘S’ button on the modified keyboard using the index finger of 
their dominant hand. As the numbers were presented the subjects tapped the ‘S’ button each time 
a duplicate number was presented. The computer recorded the number of correct responses 
(hits), the number of duplicates the subject did not identify (misses), and the incorrect 
duplications (false alarms). This test took approximately four minutes to complete. 
2.2.2.5 Probed Memory 
The purpose of this test was to assess memory capacity of short-term memory. To complete this 
test subjects were presented a sequence of eight letters on the computer screen. All letters used 
were consonants to minimize the chance that the subject could make words out of the letters. 
Subjects were instructed to remember the eight letters that were presented. The sequence of 
letters were presented at a rate of one every second with all remaining visible until the last 
consonant was displayed and they remained visible for one second after presentation of the last 
letter, After the sequence was blanked out one letter was displayed on the screen. The subject is 
asked to move the mouse approximately ½ inch and click either yes or no on the computer screen 
to identify whether or not the displayed letter had been part of the list. Twenty presentations 
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occur with 50% of the probe consonants belonging to the original list. The computer 
automatically records the percentage of correct responses.  
2.2.2.6 Tower of Hanoi 
A computerized version of the Tower of Hanoi mathematical puzzle was also used as a 
cognitive problem solving activity. This puzzle has been used for research purposes (Ewert & 
Lambert, 1932; Mayer, 1992) as a novel problem solving activity that requires higher-level 
executive function. The puzzle (See Figure 3) consists of three vertical pegs and representations 
of discs of varying diameter that can be stacked to make a cone. The puzzle begins with all of the 
discs placed on one of the vertical pegs with the largest diameter disc on the bottom and the 
smallest diameter disc on the top creating the cone shape. The object of the puzzle is to move the 
discs to another designated vertical peg by moving only one disc at a time, and by never placing 
a larger disc on top of a smaller disc. 
 
Figure 3: Tower of Hanoi 
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For the purposes of this study a three-disc version of the Tower of Hanoi was used. A 
three-disc version has a simple recursive solution with a definable optimal performance of seven 
moves. The total time taken to solve the problem along with the number of moves required were 
recorded. The purpose of the task was to assess problem-solving and executive planning ability 
of subjects. 
2.3 PROCEDURES 
The study was conducted over an eight-month period consisting of four sessions. One session 
served as an orientation to show students how the heart rate monitor worked. Two sessions were 
used to record data for cognitive tasks after either active or sedentary behavior. A fourth session 
was used to collect health related fitness information. The presentation of the independent 
variable for each subject was randomly ordered whether the activity or sedentary behavior 
session was completed first. With some subjects completing the physical activity treatment first 
and the remaining subjects completing the sedentary behavior treatment first. Data collection for 
each test item was performed at approximately the same time of day for each subject normally 
coinciding with a regularly scheduled physical education class or study hall. On a subsequent 
day that was not the next day, but was within seven days, each subject participated in the 
remaining independent variable task.  
During physical activity subjects participated in aerobic activity for 30 minutes with the 
objective being to keep their heart rate within or above the defined physical activity level for a 
minimum of 20 minutes. This was achieved by walking hallways and stairwells within the school 
to elevate the heart rate to the desired level. Immediately following the activity treatment (within 
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five to ten minutes) each subject completed the battery of cognitive tasks. The cognitive tasks 
were completed at a station set up inside the school library.  
The sedentary behavior involved students sitting quietly in the school library completing 
schoolwork, which consisted primarily of reading for 30 minutes. The goal was for the heart rate 
to remain below the designated threshold for sedentary behavior. Immediately following the 
sedentary behavior (within five to ten minutes) each subject completed the battery of cognitive 
assessments at a station set up inside the school library.  
 
 
 The cognitive tasks that were completed following the physical activity and 
sedentary activity sessions consisted of six tasks. The cognitive tasks were completed in the 
same order following each session. Simple reaction time was completed first followed by choice 
reaction time, dual task, vigilance, probed memory and tower of Hanoi. 
2.4 DESIGN AND ANALYSIS 
The design of the study included one independent variable, level of physical activity 
(active, sedentary). The dependent variables were the measures from six cognitive tasks 
including simple reaction time (SRT), choice reaction time (CRT), probed memory, vigilance, 
dual task, and tower of Hanoi. 
Level of physical activity was part of the design. Each subject participated in two 30-
minute sessions of physical activity. Physical activity has been defined as any bodily movement 
resulting in energy expenditure (Sirard & Pate, 2001). For the purposes of this study one 30-
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minute session was classified as sedentary, and a second 30-minute session was classified as 
active. The level of physical activity was measured using a Polar E600 heart rate monitor. 
For the purposes of this study the sedentary behavior level of physical activity consisted 
of the subject sitting at a desk participating in an age appropriate activity. These activities 
included school related instructional lessons that the students regularly completed during their 
study period. Typical activities included completing math homework and reading from a book. 
The objective for the sedentary behavior session was for the heart rate to remain below the define 
(220–the age of the subject *.50) sedentary training heart rate level for 30 minutes. The physical 
activity session used the aerobic activity of walking. The subjects walked designated hallway 
areas in the school The selected areas included level walking areas, a ramp, and stairwells. The 
goal and definition of physical activity for the purposes of this study was for the subject to 
maintain the heart rate within or above a bandwidth training heart rate level (220-the age of the 
subject *.60-.80) for 20 of the 30 minutes. 
Data analysis utilized a paired-samples one-tailed t-test to compare the subject 
performance on cognitive tasks between the levels of physical activity. Analysis of the variables 
was considered significant when p was found to be less than or equal to .05. 
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3.0  RESULTS 
The purpose of this investigation was to examine the effect of an acute bout of physical activity 
on children’s performance of cognitive tasks. The study used two levels of physical activity 
(active, sedentary) to examine its effect on six cognitive tasks (simple reaction time, choice 
reaction time, dual task, probed memory, vigilance, Tower of Hanoi). The question is: following 
an acute bout of physical activity do children demonstrate improved memory, planning, problem 
solving, and decision-making? However, prior to examining the results of the cognitive tasks, the 
differences between the two levels of physical activity are evaluated. 
3.1 ACTIVITY LEVEL DESIGN CHECK 
To confirm that there were physical activity differences between the sedentary and active levels, 
physical activity level was analyzed using matched pairs of heart rate scores following physical 
activity and sedentary behavior. The analysis reported a statistically significant elevation in 
average heart rate during the thirty minutes of acute physical activity (M=126.38 bpm, SD=8.66) 
when compared to sedentary (M=85.16 bpm, SD=9.59) behavior [t(36)=21.08, p<.0005]. The 
effect size calculation (3.50) was large reinforcing the difference between heart rates during 
physical activity and sedentary behavior. 
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3.2 COGNITIVE TASK HEART RATE  
Following sedentary behavior and following physical activity, the monitoring of subject heart 
rates continued while they completed the cognitive tasks. Comparison of these heart rate scores 
revealed some interesting results. Heart rates were analyzed using matched pairs of heart rate 
scores collected during the two computer assessments (following sedentary behavior, following 
physical activity). These heart rates were then examined according to the amount of time 
subjects’ heart rates were below their training zone, within their training zone, time above their 
training zones, and average heart rate while they completed the cognitive tasks. Analysis for the 
amount of time the heart rate was below the training zone on the cognitive tasks following 
sedentary behavior (M=1401.81 seconds, SD=228.50) and the heart rate scores on the cognitive 
tasks following (M=1192.45 seconds, SD=105.74) physical activity [t(36=-5.1, p<.0005)] were 
significantly different. The effect size calculation (1.25) was large reinforcing that the amount of 
time subjects heart rates were below the training zone for the two sessions was quite different. 
This demonstrates that heart rates were below the training zone for a significantly longer period 
of time (M=1401.81 seconds) following sedentary behavior when compared to following 
physical activity (M=1192.45 seconds). Although significance was only reported for the amount 
of time heart rates were below the training zone, the trend was for all heart rate scores to be 
elevated during the cognitive task following physical activity. This was true for average heart 
rate (88 bpm following activity, 85 bpm following sedentary), as well as the time above the 
training zone (three minutes following activity, one minute following sedentary), and the time 
within the training zone (5.6 minutes following activity, 0.0 minutes following sedentary). 
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3.3 SIMPLE REACTION TIME 
3.3.1 Reaction Time 
Following physical activity the subjects RT demonstrated significantly faster simple RT 
(M=475.65 msec, SD=141.16) than following sedentary behavior [M=585.27 msec, SD=345.03, 
t(36)=-1.78, p<.05] with an effect size calculation  of 0.29. A significant difference was found on 
the task with the distribution of the scores between sedentary behavior and physical activity 
overlapping resulting in a lower than anticipated effect size calculation. 
3.3.2 Movement Time 
Following physical activity subjects (M=363.41 msec, SD=123.66) responded with significantly 
faster movement times compared to following sedentary behavior [M=545.49 msec, SD=234.92, 
t(36)=-6.212, p<.05] with a large effect size of 1.02 reinforcing that subjects had faster 
movement times following physical activity. 
3.4 CHOICE REACTION TIME 
The analysis of choice reaction time involved examining three components of the task including 
the percentage of correct responses, reaction time, and movement time for the task. 
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3.4.1 Percent of Correct Responses 
A paired-samples one-tailed t-test analyzing the percentage of correct responses for this task 
revealed a statistically significant decrease in the number of correct responses following physical 
activity (M=98.37 percent, SD=3.13) as compared to following sedentary behavior [M=99.45 
percent, SD=1.57, t(36)=-1.75, p<.05] with an effect size  of 0.30. This indicates that following 
sedentary behavior the subjects made fewer mistakes than following physical activity. To place 
this in perspective, subject performance on this task following both physical activity and 
sedentary behavior was at a high level. Following physical activity 28 subjects scored 100 
percent on the task, while 6 scored 95 percent and 3 scored 90 percent. Following sedentary 
behavior 33 subjects scored 100 percent while 4 scored 95 percent. 
3.4.2 Choice Reaction Time 
Following physical activity (M=628.11 msec, SD=189.6) RT was significantly faster than when 
sedentary [M=693.27 msec, SD=187.93, -2.24, p<.05] with a small to moderate 0.40 effect size 
calculation indicating that although significance was achieved a distinctive separation of subjects 
paired data following physical activity and following sedentary behavior was not evident. 
3.4.3 Choice Movement Time 
For choice reaction time a significant decrease in movement time was reported using the paired 
samples t-test with subjects following physical activity (M=449 msec, SD=111.59) performing 
significantly faster than following sedentary behavior [M=536.11 msec, SD=178.59, t(36)=-4.2, 
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p<.05]. Further supporting the level of significance achieved with this task was the 0.70 effect 
size calculation that is large and further quantifies the difference that existed between the two 
groups.  
3.5 PROBED MEMORY 
No significant difference was reported in correct responses between physical activity 
(M=74.46 percent, SD=10.59) and sedentary behavior [M=71.75 percent, SD=12.65, t(36)=1.36, 
p<.05]. Subjects following physical activity correctly identified a higher percentage of probed 
memory items than following sedentary behavior with the results indicating that the difference 
was not significant across the test. 
3.6 DUAL TASK 
Analysis of the dual task involved examining four components of the task. The four components 
of this task included reaction time, the number of false hits that occurred, the number of times a 
subject missed (misses), and the amount of time the subject could keep the cursor on the target 
(time on target). 
3.6.1 Reaction Time 
No significant difference was found between physical activity (M=514.81 msec, SD=100.76) and 
sedentary behavior [M=519.22 msec, SD=92.83, t(36)=-0.362, p<.05] treatments for the dual 
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task RT scores. Following physical activity subjects completed the reaction time task faster than 
following sedentary behavior, however the level of performance was not significantly different 
across the task. 
3.6.2 False Hits 
No significant difference was found between physical activity (M=5 number of false hits, 
SD=11.38) and sedentary behavior [M=5.24 number of false hits, SD=14.68, t(36)=-.088, p<.05] 
for the number of false hits on the dual task activity. This indicates that although following 
physical activity subjects had improved performance (fewer false hits) than following sedentary 
behavior, the level of performance was not significantly different across the task. 
3.6.3 Misses 
A significant difference was found between physical activity (M=1.84 misses, SD=1.34) 
compared to sedentary behavior [M=2.76 misses, SD=1.36, t(36)=-2.8, p<.05]  for the number of 
misses recorded on the dual task activity with a reported 0.50 effect size calculation. These 
results reflect that the subjects responded with more accuracy to the randomly appearing 
stimulus (target) following physical activity. 
3.6.4 Time on Target 
A significant difference for time-on-target was found following physical activity (M=10.41 
msec, SD=19.35) maintaining the time-on-target longer [M=1.11 msec, SD=6.74, t(36)=3.09, 
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p<.05] than sedentary behavior and a 0.50 effect size calculation. These results indicate that 
following physical activity subjects demonstrated a significantly higher level of performance 
(time-on-target) across the test compared to following sedentary behavior. This is further 
supported by the 0.50 effect size calculation, which would be classified as medium, reinforcing 
that a difference did exist between the two groups. 
3.7 VIGILANCE 
Analysis of vigilance included examining three components of the task including the number of 
hits (correct selections), the number of misses (failure to identify a duplication), and false hits 
(incorrect response). 
3.7.1 Number of Hits 
Following physical activity (M=9.97 hits, SD=2.88) there were a significantly higher number of 
hits than after sedentary behavior [M=8.05 hits, SD=2.82, t(36)=4.07, p<.05] for the vigilance 
activity with an  effect size calculation of 0.70. These results indicate that following physical 
activity subjects’ performance was significantly different than the scores across the test 
compared to following physical activity. This is further supported by the 0.70 effect size 
calculation that would be classified as large, reinforcing that the two groups were quite different. 
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3.7.2 Number of Misses 
Following the physical activity treatment reported significantly fewer misses (M=4.97 number of 
misses, SD=2.88) than following sedentary behavior [M=6.89 number of misses, SD=2.75, 
t(36)=-4.18, p<.05] and a effect size calculation of 0.70. These results indicate that following 
physical activity subjects’ made significantly fewer misses as compared to following sedentary 
behavior across the test. This is further supported by the 0.70 effect size calculation that would 
be classified as large further reinforcing that the two groups were quite different.  
3.7.3 False Hits 
Data from two children was removed from the analysis for vigilance false hits due to equipment 
malfunction, as a computer key remained depressed briefly for two subjects recording repeated 
false hits and extreme outliers. No significant difference was found between the following 
physical activity (M=6.09 false hits, SD=5.53) and following sedentary behavior [M=8.59 false 
hits, SD=8.08, t(34)=-2, p<.05] treatments for the number of false hits. 
3.8 TOWER OF HANOI 
Analysis of the Tower of Hanoi involved examination of two components including the number 
of moves it took the subject to complete the task and the amount of time it took the subject to 
complete the task. 
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3.8.1 Number of Moves 
Analysis of the total number of moves following physical activity (M=26.35 moves, SD=8.93) 
and following sedentary behavior [M=27.08 moves, SD=11.3, t(36)=-.37, p<.05] treatments 
reported no significant difference. These results indicate that following physical activity 
subjects’ required fewer moves to complete the task than following sedentary behavior but that 
the difference was not significantly different across the task. 
3.8.2 Time to Complete 
Following the physical activity intervention (M=77.89 seconds, SD=43.12) completed the Tower 
of Hanoi task significantly faster than following sedentary behavior [M=116.95 seconds, 
SD=73.59, t(36)=-4.12, p<.05] with a 0.70 effect size calculation. These results indicate that 
following physical activity subjects’ solved the puzzle significantly faster than following 
sedentary behavior across the task. This is further supported by the large 0.70 effect size 
calculation that reinforces scores between the two groups (following physical activity/following 
sedentary behavior) are different.  
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4.0  DISCUSSION 
The main finding of the study suggests that the level of acute physical activity used in 
this study did enhance subjects’ performance on the cognitive tasks. When the cognitive tasks 
were broken down into their components, five of the six tests used reported levels of significance 
in favor of the physical activity intervention. The one activity that did not report significance 
showed a positive trend in favor of the physical activity treatment as well. To better understand 
the importance of how the physical activity treatment affected the cognitive tasks, each specific 
component of the study is addressed individually. 
4.1.1 Physical Activity 
The physical activity treatment was successful in elevating the heart rate to a level significantly 
higher than the sedentary behavior. This was achieved by walking hallways, ramps, and 
stairwells in the school where the data was collected. For the sedentary component the students 
remained sedentary by sitting quietly at a table in the school library and completing individual 
school related seat work (reading, math). The subjects generally reported enjoyment with the 
physical activity and boredom during sedentary behavior. Numerous theories support the idea 
that physical activity can affect performance (inverted U principle, Duffy, 1962; zones of 
optimal functioning, Jokela & Hanin, 1999) and as previously addressed a wealth of literature 
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exists supporting the premise that a physically active lifestyle can have far reaching effects 
ranging from increased attentional capacity to improved classroom behavior. The scope and use 
of physical activity in the current study was to introduce an acute bout of physical movement 
above the resting level. The goal was to raise average heart rate for 20 minutes to a level 
significantly higher than achieved when a subject sat at a desk doing work for the same duration 
in order to analyze the effect of acute physical activity on a battery of cognitive tasks. As was 
discussed in the results section, this goal was achieved with the heart rates for physical activity 
being significantly higher than sedentary behavior. The importance of this component of the 
study was not the obvious fact that movement can elevate heart rate above the resting level but 
that it provides a clear, quantifiable documented treatment so that the effect of acute physical 
activity on cognitive processing could be analyzed as compared to sedentary behavior. The 
foundation for the current study established a quantifiable measure that physical activity and 
sedentary behavior were significantly different as the average HR score for every subject was 
higher following physical activity.  
Heart rate scores collected during the computerized cognitive task activities following 
each activity session also produced interesting results. As discussed in the results section 
(cognitive task heart rate design check) significance was achieved for the paired samples with 
regard to the time the heart rate was below the training zone. The average heart rate for the 
cognitive task following physical activity (M=88 bpm) was higher than following sedentary 
behavior (M=85 bpm) for the computerized testing as well, but did not achieve a level of 
significance.  
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Table 5: Average HR During Computer Cognitive Tasks 
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An intriguing characteristic of this information occurs when results of the paired data of 
subjects’ heart rates while completing the computerized cognitive tasks are presented as 
individual pairs rather than as a group. As can be seen in Figure 5, there is not a clear trend for 
the average heart rate to be higher while completing the computerized cognitive tasks following 
physical activity. In fact for 14 of the 37 subjects their average heart rates were higher while 
completing the computerized cognitive tasks following sedentary behavior. Also visible on 
Figure 5 is the close proximity of a number of data points. For 12 subjects the average heart rate 
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scores were within 4 beats. In short following physical activity there was not a consistent 
elevation in heart rate for subjects for the duration of the cognitive tasks.  
The most logical explanation for these results is that the subjects for the study had varied 
levels of aerobic fitness and recovery heart rates. It is also possible according to mood state 
discussed in the literature review, that physical activity reduced levels of stress affecting HR. 
The implications of this to the current study are interesting. From an arousal (Inverted U) 
standpoint it is possible that the physical activity intervention was not of significant magnitude to 
elevate arousal levels during the computer task. It is also possible that subjects were nervous 
while completing the computer task following sedentary behavior, which elevated the heart rate. 
Unfortunately average heart rate scores do not provide the detail needed for specific conclusions.  
4.1.2 Simple Reaction Time 
Simple reaction time was included as an assessment of alertness and it was proposed that no 
significant difference would be found between physical activity and sedentary behavior for 
performance on this task. Previous studies had reported significant differences between groups of 
subjects based on fitness levels and habitual activity levels particularly with older subjects, 
however as previously discussed the results for children has been less consistent especially for 
simple RT with a low level of attentional demands. Analysis of the data from the current study 
however demonstrated significance for both reaction time and movement time following 
physical activity when compared to scores following sedentary behavior. On this task faster 
(lower scores) are better, so on Table 6 and Table 7; faster RT scores are at the bottom of the 
chart. Close examination of the individual matched pair data on these tables reveal that 
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consistently subjects had faster RT and movement times following physical activity compared to 
their performance following sedentary behavior.  
 
Table 6: Simple Reaction Time, Thinking Time 
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Table 7: Simple Reaction Time, Movement Time 
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The reported results are consistent with the literature for older adults. Previous studies, 
which did not show a significant difference for children, also included mixed gender indicating a 
possible need to increase the intensity and duration of activity for adolescent boys. As the current 
study was single gender, it is plausible that the physical activity was sufficient to elicit an arousal 
level to a point where improved performance could be observed which may not have been 
observed with subjects of mixed gender and varying ages. Another explanation is that the 
physical activity warmed the muscles preparing them for movement.  
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4.1.3 Choice Reaction Time 
The choice reaction time activity required subjects to attempt to correctly respond to one of six 
possible choices requiring a higher level of attention. The task represents increased difficulty 
compared to the simple reaction time task in that the requirement to select the correct movement 
response from a number of choices is analogous with decisions people make on a daily basis. 
The increase in response alternatives in this task subsequently increases reaction time with more 
time needed (Hick’s law) to prepare the appropriate movement response (Hick, 1952) providing 
increased sensitivity to the effect of physical activity and sedentary behavior.  Analysis of the 
correct responses for this task was used to ensure that subjects were in fact selecting the correct 
response and were not simply reacting as quickly as possible to the stimulus regardless of 
outcome. The hypothesis for the choice reaction time task was that scores following physical 
activity would be significantly higher than sedentary behavior. Results of the analysis support 
this hypothesis, as both reaction time and movement time were significantly higher following 
physical activity compared to sedentary behavior.  
The only result from the choice reaction time activity that is contradictory to the 
hypothesis deals with the percentage of correct responses. Subjects were instructed to move as 
quickly as possible, but to be sure they were selecting the correct target key in their response. 
The results reported sedentary behavior outperformed physical activity. Although the analysis of 
the one-tailed t-test for correct responses did achieve the level of significance, in this case the 
results are misleading. On the task, following both physical activity and sedentary behavior, 
subjects performed at near perfect (physical activity, M=98.37 % correct, SD=3.13; sedentary 
behavior, M=99.45 % correct, SD=1.57), and in fact the majority of the subjects had perfect 
scores. Analyzing the data on a subject by subject basis, four individuals had one more correct 
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response following sedentary behavior as compared to physical activity. The literature 
(Kashihara & Nakahara, 2005) is also supportive of these findings in that exercise although 
improving choice reaction time did not effect the percentage of correct responses that subjects 
made. 
An explanation of the results for choice reaction time is comparable to those given for simple 
reaction time. Once again although more research on the specific effects of acute physical 
activity on children is needed, the current results are consistent with research on adults (Hunter, 
Sjoberg, 1975; Kashihara & Nakahara, 2005; Levin & Gutin, 1971; Thompson, & Adams 2001), 
which concluded that exercise can improve reaction time, with the fastest RT achieved when 
exercise heart rates reach at least 115 beats per minute (Levin & Gutin, 1971; Sjoberg, 1975). 
However since children are not miniature adults, results from adults are not necessarily 
generalizable to children. Specifically what level of heart rate intensity during acute physical 
activity (and for what duration) would be required to elicit the desired effect of improved 
cognitive performance on tasks such as RT in a growing and developing child. The previously 
mentioned heart rate guidelines (Levin & Gutin, 1971; Sjoberg, 1975;), would be consistent with 
the results from the current study where during physical activity subjects heart rates (M=126 
bpm) did achieve a level exceeding 115 beats per minute while sedentary behavior (M=85 bpm) 
did not. Results from the current study are also supported by research completed by Kashihara 
and Nakahara (2005) who reported that vigorous exercise improved choice reaction time but 
only for the first eight minutes after exercise.  In the current design with subjects beginning the 
cognitive tasks immediately following physical activity or sedentary behavior the choice reaction 
time task would normally have occurred close to this eight minute window. A recommendation 
for future research would be to randomize the presentation of the cognitive tasks tracking the 
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order in which they are presented and analyzing whether a reduction in performance occurs after 
eight minutes. Given the significance of the results, replication of the study while collecting 
fractionated reaction as previously mentioned would have been beneficial.  
4.1.4 Probed Memory 
The purpose of the probed memory task was to evaluate the affect of physical activity on short-
term memory. Unlike simple and choice reaction time tasks, which were selected for use as a 
tool to examine reaction and movement time, probed memory was selected as a task to explore 
the effect of acute physical activity on working memory. The hypothesis for the dual task activity 
was that subjects would have significantly improved scores following physical activity when 
compared to sedentary behavior. 
Although the statistical analysis did not report a significant difference for this task, as 
addressed in the results, the physical activity scores (M=74.5% correct) were slightly better than 
sedentary behavior (M=71.8% correct). One possible explanation for the lack of significance is 
that physical activity does not have an effect on short-term memory recall as presented in this 
task. With physical activity and sedentary behavior seeming to neither increase nor decrease 
forgetting (trace decay) of the presented items. Another plausible explanation for the lack of 
significance is that the rate of a one second presentation time for each letter was of such duration 
(too long), and the length of the list (eight letters) was not sufficient to place a cognitive load on 
the subjects for any differences in perception that physical activity may have elicited to come 
into play. There is support for this (Barrouillet Bernardin, & Camos; 2004) in that memory lists 
for letters is not contingent upon the length of the list (number of steps), but rather the cognitive 
load. A third explanation is that the one-second length of time from the presentation of the last 
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letter and the request for recall was not long enough to assess the impact of physical activity on 
short term memory. If the physical activity intervention was to have an impact on short term 
memory, a duration of longer than one-second following presentation of the last letter would be 
recommended for future studies. 
4.1.5 Vigilance 
Vigilance tasks examine the ability of a subject to remain alert and on task over a period of time. 
The ability of an individual to respond properly is more challenging when the response is not 
required on a regular basis. Responding to a stimulus that occurs on an irregular random basis is 
much more challenging. Real world examples of this type of activity could include staring at a 
radar screen and only picking out relevant information; working on an assembly line picking out 
defective items; or sitting in a classroom for a long period of time and being able to pick out the 
important information. The hypothesis of the current study was that subjects’ scores following 
the physical activity intervention would be significantly higher than following sedentary 
behavior for the vigilance tasks. 
Analysis of the results from the vigilance task demonstrated that children’s signal 
detection ability was affected by the physical activity intervention. The subject’s perception, 
ability to make decisions, and resulting performance was different between physical activity and 
sedentary behavior. The established criterion for the task was to recognize when irregular 
duplications of a three-digit number were flashed on the computer screen. Following physical 
activity the ability of the subject to recognize and respond (hit) was better than after sedentary 
behavior. Following physical activity there was also a significant reduction in the number of 
misses. Finally following physical activity the subjects had improved performance over 
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sedentary behavior with false hits. When viewed together after participation in physical activity, 
the subjects correctly identified more of the targets, missed fewer of the targets, and made fewer 
false identifications. This indicates that the strength of perception for the subject was improved 
following the physical activity intervention. 
4.1.6 Dual Task 
The purpose of the dual task was to determine the attentional demands of two different tasks 
completed simultaneously. The hypothesis for the dual task activity was that subjects would have 
significantly improved scores following physical activity when compared to sedentary behavior. 
The general approach in dual task studies is to determine if the attentional demands of one task 
interferes with the other. 
With regard to attention-limit issues, after physical activity the subjects performed better 
than following sedentary behavior. The results reported that subjects were not impaired 
significantly by the simple reaction time task, nor was there a significant difference in the 
number of false hits on the task. The fact that physical activity recorded significantly fewer 
misses during the reaction time component of the activity could indicate that an increased arousal 
level in strength of perception existed comparable to the discussion for the vigilance task. Along 
with fewer misses, following physical activity the subjects also had higher time-on-target scores 
than sedentary behavior indicating improved attentional capacity following physical activity. 
Analysis and interpretation of the dual task is problematic however due to the abnormal 
distribution of scores on false hits and the time-on-target tracking task. As can be seen in Table 
9, students performed poorly on the tracking activity indicating that it was too difficult. The task 
required subjects to use a mouse to move a cursor on a computer screen tracking a randomly 
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moving target (circle) around the screen. An obvious explanation is that the target object was too 
small, moved too fast; the test was not sensitive enough, or a combination of all of these factors. 
This lack of difference between physical activity and sedentary behavior for most of the subjects 
is not without precedent. Tuckman and Hinkle (1986) found no change in performance between 
fit and unfit 4th, 5th, and 6th grade students on a maze tracing task although performance on tasks 
requiring creativity did improve. Intriguing is the fact in the current study, nine of the subjects 
did show dramatic improvement in performance following physical activity, while no subjects 
improved their performance following sedentary behavior This is difficult to interpret with the 
limited research on children in this area.  
Analysis of the false hits portion of the dual task activity is also difficult to interpret. No 
significance was reported and as can be seen in Table 9, it is difficult to interpret a trend in the 
data. No valid reason could be found to exclude the wide-ranging scores and although 
performance was quite consistent for many subjects, there was a wide range in the number of 
false hits following both physical activity (M=5.24 false hits, SD=11.38) and following 
sedentary behavior (M=5.24 false hits, SD=14.68). One possible explanation is from the 
previous discussion of the tracking task. Due to the level of difficulty subjects experienced with 
attempting to stay on target, following physical activity their arousal level may have been 
heightened during this task, and they may have exceeded their level of arousal and experienced 
degradation in performance. 
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Table 9: Dual Task False Hits 
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4.1.7 Tower of Hanoi 
The tower of Hanoi is a classic cognitive task used to analyze problem-solving strategies. 
Problem solving is considered a complex intellectual function requiring higher order cognitive 
processes (Goldstein & Levin, 1987). The other five tasks used in the study generally required 
the subjects to react to a presented stimulus. The Tower of Hanoi task required the subjects to 
use planning, thinking ahead, and reasoning abilities to solve the puzzle. The Tower of Hanoi has 
been suggested to be an indicator of executive function. Within the problem solving construct of 
the Tower of Hanoi, executive function is indicated in the subjects ability to understand the goal 
of the task, develop a plan to solve the problem, execute the plan, then evaluate and modify the 
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plan as needed to solve the problem. Solving the Tower of Hanoi represents processes 
individuals engage in while solving real world problems and this simple problem is thought to 
generalize to more complex problems (Newell & Simon, 1972). 
It was hypothesized that subjects would score significantly higher on the Tower of Hanoi 
following physical activity compared to sedentary behavior. The statistical results from the two 
Tower of Hanoi tasks produced mixed results. Although physical activity was not better than 
sedentary behavior in the total number of moves taken, on average following physical activity 
the subjects were able to complete the task in fewer moves and with a smaller SD.  With regard 
to the time taken to complete the task, following physical activity the subjects were significantly 
faster than after sedentary behavior.  
Initial evaluation would indicate that after being physically active the subjects did not 
improve executive function in that their ability to ‘solve’ the puzzle (number of moves taken) did 
not improve, however they were able to solve the puzzle more quickly. Problem-solving 
processes are different at different levels of expertise (Sternberg, 1991), however none of the 
subjects attained the level of expertise with the task as the task as it was presented could be 
solved in seven moves. The numbers of moves taken to complete the task were well above this 
number following physical activity (M=26.35 moves, SD=8.93) and following sedentary 
behavior (M=27.08 moves, SD=11.13). The most plausible explanation as previously addressed 
was the order of the computer tasks. The Tower of Hanoi task was always the last task presented 
and any effects elicited by the physical activity may have expired. At this juncture of the data 
collection process fatigue may have set in impairing performance on the task.  
A second explanation for the lack of significance achieved in the total number of moves 
is related to the sensitivity of the test. A flaw in the methodology of the study was identified in 
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that false moves were not recorded. In other words when a move took place in violation of the 
rules (A larger disc was placed on top of a smaller disc.) an audible alarm would sound 
informing the subject that they had made an invalid move. The computer would then move the 
disc back to its prior location, but this invalid move was not recorded in the move total. Although 
the specific number of times this occurred were not recorded, it did occur with enough frequency 
to be noticed, and it would occur numerous times during individual tests. This results in several 
implications that make it nearly impossible to generate any meaningful conclusions about the 
task.  First, since false moves were not calculated independently, or as part of the total moves it 
cannot be stated with any certainty if any significance did truly occur in the total number of 
moves. If the task was not challenging enough to require the desired higher-level thinking rather 
than solving the problem through actual problem solving it is possible that subjects were 
completing the task through trial and error. Visual observation of the subjects completing the 
tasks seemed to indicate that following sedentary behavior the subjects made more false moves, 
however it was not documented. Secondly the knowledge of results in the form of the audible 
alarm that followed an invalid inevitably seemed to result in the subject pausing and staring at 
the computer screen momentarily. Pursuing this observation, theoretically a subject who made 
several invalid moves would report a longer completion time without the invalid moves being 
recorded. Without this data it is difficult to generate any conclusions with regard to executive 
function and the subjects ability to comprehend the task and generate a plan of action. 
Although it can generally be stated that the subjects performed better on the task 
following physical activity, without the invalid move data, any discussion attempting to explain 
exactly why this occurred would be supposition and speculation.  
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4.1.8 Order of the Tasks 
Throughout the study the order of the cognitive tasks was consistent for subjects following both 
activity sessions. Each subject completed the simple reaction time task followed by, choice 
reaction time, probed memory, dual task, vigilance, and lastly the Tower of Hanoi. Following 
theories such as the oxygen hypothesis, glucose utilization, and arousal, performance should be 
higher earlier in the testing (higher heart rate, arousal, etc.) than 20 to 30 minutes later at the end 
of the session (reduced HR, arousal, etc.).  From a cognitive performance standpoint the 
presentation of the tasks in the current study went roughly from simple (simple reaction time, 
attention) to complex (Tower of Hanoi, problem solving/executive function) and it is possible 
that any effects of the physical activity intervention were moderated by the time the subjects 
completed the more complex tasks. Brisswalter, Collardeau, and Rene (2002) discuss that 
although theory currently explains how activity affects cognitive function, that moderate to 
heavy exercise appears to elicit the best results for decisional tasks that can last in excess of 20 
minutes. For most of the subjects tasks requiring the highest levels of cognitive performance and 
attention (Tower of Hanoi, vigilance, dual task) would have been completed after 20 minutes, so 
the affect of the activity may have faded. Also the intensity of the acute physical activity 
(physical activity M=126.38 bpm, SD=8.66) could not be classified as heavy exercise and may 
not as Brisswalter, Collardeau, and Rene (2002) discussed, elicited the best results that could 
have lasted in excess of 20 minutes. 
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4.2 CONCLUSIONS 
The results of this study are consistent with previous research (Spirduso & Asplund, 1995) in 
that the incidence and level of improvement on the cognitive tasks in this study are too high to be 
occurring by chance alone. As can be seen in Table 10, the breakdown of each cognitive task 
identifies fifteen components, which were analyzed. Of these, subjects demonstrated improved 
performance following physical activity on fourteen of the tasks, with the level of improvement 
reaching significance on nine of the items. 
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Table 10: Summary of Cognitive Task Means 
Task Following Sedentary  Following Activity Improved 
Simple RT    
RT M=585.27 msec, SD=345.03 M=475.65 msec, SD=141.16 Yes * 
Movement Time M=545.49 msec, SD=234.92 M=363.41 msec, SD=123.66 Yes * 
Choice RT    
Percent Correct M=99.45, SD=1.57 M=98.37, SD=3.13 No * 
Choice RT M=693.27 msec, SD=187.93 M=628.11 msec, SD=189.6 Yes * 
Choice MT M=536.11 msec, SD=178.59 M=449 msec, SD=111.59 Yes * 
Probed Memory    
Percent Correct M=71.75, SD=12.65 M=74.46, SD=10.59 Yes 
Dual Task    
RT M=519.22 msec, SD=92.83 M=514.81 msec, SD=100.76 Yes 
False Hits M=5.24, SD=14.68 M=5, SD=11.38 Yes 
Misses M=2.76 misses, SD=1.36 M=1.84 misses, SD=1.34 Yes * 
Time on Target M=1.11 msec, SD=6.74 M=10.41 msec, SD=19.35 Yes * 
Vigilance    
Hits M=8.05 hits, SD=2.82 M=9.97 hits, SD=2.88 Yes * 
Misses M=6.89 misses, SD=2.75 M=4.97 misses, SD=2.88 Yes * 
False Hits M=8.59 false hits, SD=8.08 M=6.09 false hits, SD=5.53 Yes 
Tower of Hanoi    
Number of Moves M=27.08, SD=11.3 M=26.35, SD=8.93 Yes 
Time to Complete  M=116.5 msec, SD=73.59 M=77.89 msec, SD=43.12 Yes * 
* denotes P<.05 
 
However the exact mechanism through which this improvement is facilitated remains elusive. 
Although modern technology permits analysis of brain activation, the mystery as to how the 
black box of the brain functions persists. It is still not possible to point to a part of the brain and 
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identify a specific memory. No single behavior or test exists that can be tied to executive 
function (Burgess, 1997). Esterson (1993) indicated that Sigmund Freud theorized that different 
functions of the mind operated at different levels. His tripartite division of the Id, Ego, and 
Superego was forward looking and innovative for his time, while James Watson and Francis 
Crick (Macgregor & Poon, 2003) did not discover the molecular structure of DNA until the 20th 
century. Recent discoveries such as DNA prove that there is a wealth of knowledge to be 
uncovered about function of the human body. The effect of acute physical activity on cognitive 
function involving complex interactions is no different, and even when researchers such as Crick 
(1994) pose that mental activities are due entirely to the behavior of nerve cells, glial cells, and 
the atoms, ions, and molecules that they are made from and influenced by, it could be argued that 
physical activity effects nerve cells, glial cells, and the atoms and molecules they are made from. 
Specific research exploring the impact of activity on cognitive function continues to be 
extremely limited providing limited insight of exactly how physical activity affects brain 
function (Hillman, Erickson, & Kramer, 2008). No simple answer or single theory fully explains 
the results. The best answer is likely that children are not miniature adults and with regard to 
cognitive performance and physical activity, factors including the individual, the task, and the 
environment are interacting which do not have a simple explanation but reflect a number of more 
elemental processes (Hughes, 2002).  
Another result of this study was that following physical activity there was no decrease in 
performance on the cognitive tasks. This is consistent with previous research studies that have 
consistently supported that a physically active lifestyle can affect cognitive function at some 
level. These studies have been wide ranging including animal studies where promoting physical 
activity in rats stimulated growth of new brain cells (van Pragg, 1999) and that a nutritious diet 
 72 
and exercise in dogs (Milgram, et.al., 2005) improved cognitive processing. As well as human 
studies primarily on older adults consistently demonstrating that fit adults perform better on a 
variety of cognitive tasks (Van Boxtel, Paas, Houx, Adam, Teeken, & Jolles, 1997). With the 
reported results of previous studies (Dwyer, Sallis, Blizzard, Lazarus, & Dean, 2001; Linder, 
2002) and the general conclusion drawn from this study, it is safe to say that moderate levels of 
acute physical activity do not have a detrimental effect on cognitive tasks.  
The exact mechanism through which activity affects cognitive function remains elusive. 
The results of this study support the need to further examine the potential that acute physical 
activity has to improve cognitive processing in children. As discussed, the general trend of 
subject performance on the cognitive tasks following acute physical activity was improved as 
compared to their performance following sedentary behavior, however a specific cause and 
effect based on the theories reviewed and the results of this study could not be determined. The 
change in performance is most likely due to a complex interaction transcending components of 
any one theory. The physical activity intervention task elevated heart rate (cerebral blood flow, 
oxygen hypothesis), subjects generally enjoyed the task (mood state), and arousal levels 
(Inverted U) should have been higher than the sedentary task with potential to impact brain 
activity (activation theory). It is a complex problem to examine, but with the ever increasing 
amount of information processing that is required in schools using computers, the internet, as 
well as traditional pedagogical methods, factors affecting students ability to process information 
merits further study. 
As a preliminary study, the practical application from the results of this study for current 
educational settings is limited. The tasks used within the study did require varying levels of 
attentional demands from the subjects and the results do permit some basic generalizations. The 
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definition of attention is the ability to ignore irrelevant information while concentrating on 
relevant information. In a school setting the ability to attend to what one person is saying 
(teacher) while ignoring concurrent distractions (other students, noises in the hallway, etc.) 
should not be underestimated. The results from the cognitive tasks indicate that generally, 
attention improved following physical activity and that physical activity did not elicit deleterious 
effect on cognitive performance. Analysis of the experimental hypothesis for this study were 
mixed. This study hypothesized that there would be no significant difference on subject scores 
on the simple reaction time task when scores following physical activity and following sedentary 
behavior were analyzed. Analysis of the results however led to a rejection of the null in favor of 
the alternative hypothesis that following acute physical activity subjects will have improved 
simple reaction time scores as subjects had significantly higher scores for both reaction time and 
movement time following acute physical activity. It was further hypothesized that following 
acute physical activity subjects would have improved performance for choice reaction time, 
probed memory, dual task, vigilance, and the Tower of Hanoi by performing each task better 
than their scores following sedentary behavior. As can be seen in Table 10, subject performance 
was higher across the board following physical activity for probed memory, dual task vigilance, 
and the Tower of Hanoi. Also with the exception of probed memory significance was achieved 
for one or more of the components of the remaining tasks resulting in acceptance of the null 
hypothesis for these items. The complicated analysis results when examining choice reactions 
time as subjects performance was improved significantly following physical activity for the 
choice reaction time (accept null hypothesis) and choice movement time (accept null 
hypothesis), but for the percentage correct on this task subjects improved significantly following 
sedentary behavior (reject null hypothesis).  In sum of the fifteen components analyzed, fourteen 
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of them demonstrated improvement following physical activity and these results indicate that 
generally, attention improved following physical activity and that physical activity did not elicit 
deleterious effect on cognitive performance. 
 
4.2.1 Delimitations 
Through the course of this study, several limitations were identified. The initial observation is 
that the cognitive tests often required in excess of 30 minutes to complete. It was apparent that 
repetition of computer tasks became monotonous for some subjects, particularly when 
completing the computer task following sedentary behavior. This could have affected 
performance on the tasks.  
Improvements could be made with regard to data collection as well. Examination of the 
tasks revealed that simple reaction time functioned well, however as discussed the choice 
reaction time task could be improved primarily by examining the percent correct component. The 
probed memory task as discussed needs to be reevaluated to increase sensitivity. The dual task 
functioned well, however a more sensitive dual task tracking measurement is needed to record 
subjects ability to stay within a bandwidth of the target (like an archery target) as opposed to the 
either on or off the target used in the current study. The Tower of Hanoi task used two dependent 
variables (moves taken and total time). Throughout the course of the study it was identified that 
collecting data with regard to false moves would have been invaluable. The calculation for 
moves only included correct moves. If a false (invalid) move was made, the disc was returned to 
the previous position for the subject to attempt again, but this false move was not counted. These 
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improvements in data collection would likely result in longer task administration and a need to 
eliminate one or more tasks to complete the assessments in a comparable amount of time. 
Although the previously discussed moderator model is normally used with older adults, 
the impact of early life physical activity and current fitness level was not controlled for in the 
study. The design did not incorporate data concerning current or previous levels of physical 
activity and what effect historical activity patterns could have on cognitive health and function. 
Previous research (Sibley & Etnier, 2003) findings suggest that physical activity benefits are 
possible across the lifespan including childhood. It is thus plausible that subjects in the study 
who maintained adequate levels of fitness throughout their life could have reduced age related 
declines in attentional resources and improved performance on cognitive assessments 
(Tomporowski & Ellis, 1986). 
The current study controlled nutritional factors during the data collection process by 
completing all data collection during the morning, prior to students lunch period. Proper nutrition 
can play a major role in students’ general health and well-being. Type and quality of nutritional 
intake (time, amount, etc.) for each child could not be controlled. 
It is also important to note that this study is preliminary in nature as no other studies were 
identified which examined the effects of acute physical activity on cognitive tasks as used in the 
current study. 
4.2.2 Recommendations for future research 
The current study demonstrated that significant improvements in performance can occur 
following physical activity for components of five tasks used (simple RT, choice RT, dual task, 
vigilance, Tower of Hanoi), and although not significant, a positive trend for the remaining 
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activity (probed memory). In the context of the current study it can be safely stated that physical 
activity had a beneficial effect on cognitive processing. This is in agreement with the literature 
that found physical activity, although not always significant, did consistently improve 
performance on a variety of cognitive tasks. The question for future research is how to better 
define the specific process involved.   
Another recommendation would be to expand the repeated measures in the design by 
retaining the sedentary behavior, and expanding the following physical activity with higher and 
lower intensities of physical activity.  
Further examination also needs to be completed on how physical activity affects mood 
state. The subjects in the current study verbally reported enjoyment with the physical activity 
level, however no quantitative data was collected to compare mood states. The potential for acute 
physical activity to affect mood state has support in the literature (Berger, 1996; Raglin, 1997) 
and subsequently might affect arousal level and perceptual ability. This has interesting 
implications with regard to attention and arousal and raises familiar questions. Specifically what 
is the optimal level of physical activity to positively affect cognitive performance? The results of 
the current study are consistent with previous work (Tomporowski, 2003) that found an acute 
bout of physical activity can improve cognitive function, but that much more research needs to 
completed with regard to the psychological effects of physical activity specifically in children. 
Specific prescriptions for the exact type, duration, and intensity level for maximum benefit are 
not well defined and require more study. 
In the current study a wide range of psychomotor activities were used to examine the 
effect of acute physical activity and these test items did provide a great deal of information. 
However in future studies, selecting fewer, and more detailed assessment may prove worthwhile 
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with continued research to establish a standard for performance in children. For example with 
regard to the decision-making (Green & Swets, 1966) ability of children, research establishing 
specific academic age related criteria needs to be conducted for decision-making tasks. 
Established criteria for performance would allow for an improved analysis from several 
perspectives. Signal detection theory posits that a specific criteria or decision rule (β) is 
established that a subject would base decisions upon. An established criterion permit improved 
analysis of the correct detections (hits), and incorrect decisions (misses), and the ability to 
analyze mean scores following physical activity to other mean scores (d-prime) providing insight 
into how physical activity affects detection sensitivity and decision making ability. Collection of 
more detailed physiological measures would also be beneficial. Comparison of test scores 
following physical activity and sedentary behavior combined with information on heart rate, skin 
resistance, and/or pupil diameter could provide important data on the amount of effort a subject 
is expending.  
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Appendix A 
EXTENSIVE LITERATURE REVIEW 
If approached and asked, how are you doing in school, what would your response be (Assuming 
of course that you are actually in school.)? Would you state that you increased aerobic physical 
activity, supplied oxygen and glucose to the brain, increased your neural connections, reduced 
your stress level, improved your body composition, raised your self-esteem (etc.), or would you 
simply state that you got a B on your math test. Is there a common link between the 
aforementioned statements? Current research has addressed these questions and numerous other 
related topics, and in fact there is a common link, that common link is physical activity. Studies 
by Dwyer, Sallis, Blizzard, Lazarus, & Dean (2001); Linder (2002); Tremblay, Inman and 
Willms (2000) and others have supported the idea that students who are physically active have 
academic performance standards exceeding those of their sedentary peers. What is less 
understood is exactly how this occurs. 
Legitimate concerns about children’s physical health in the context of increasing 
incidence of obesity and other declining levels of health related fitness have been raised in the 
current literature (American Academy of Pediatrics, 1992). The incidence of chronic diseases in 
the United States is increasing; the educational system is constantly under scrutiny with theories 
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on how to improve learning in schools, students report low self-esteem, and increased incidence 
of behavior related disorders. The subsequent literature review and proposed study will examine 
these issues and explore reported links between movement, level of physical activity, cognitive 
function, and psychological functioning. Throughout history philosophers, scientists and 
educators have reflected upon the relationship between the mind and the body, but not long ago 
they were still considered separate entities. The past fifty years however have brought about 
dramatic discoveries and changes in the way we should think about this mind body connection 
and current evidence supports that physical activity in fact enhances early brain development and 
maintains cognitive function (Jable, 1998).  
Preparing the foundation on which this study will be built requires the examination of 
cognitive function as related to physical activity and fitness from multiple perspectives that 
initially may appear unrelated. During this process relevant terms will be defined and related 
literature will be discussed. A significant portion of this paper will deal with the effects of 
physical activity on the human condition (both physiological and psychological), from this base; 
the study will evaluate the effects of physical activity upon cognitive function. The review will 
begin with the currently existing common denominator between learning and physical activity 
for children in the form of health and physical education programs. Over the past twenty years a 
significant amount of research has addressed how physical activity affects the human body and 
from this wealth of research, numerous factors will be reviewed and shown to have bearing on 
academic achievement and cognitive function. Finally issues concerning how physical 
fitness/activity is assessed, defined, and prescribed along with the challenges of studying a 
pediatric population as it relates to this proposed study will be examined. 
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This review will justify an evident need for further research examining the relationship 
between physical activity and cognitive function in children (the mind body connection). The 
proposed study will use children (11-15 years-of-age) in a cross experimental design to explore 
the effects of active and sedentary behavior upon short-term cognitive function. Variables to be 
examined include physical fitness level, sedentary behavior, and physical activity as compared 
with short term cognitive processing.  
A.1 PHYSICAL ACTIVITY, EXERCISE, AND FITNESS 
Physical activity, exercise, and physical fitness are three basic concepts identified through this 
literature review. Physical activity has been defined as the skeletal muscles of the body 
producing movement, which results in the expenditure of energy above the resting level (CDC, 
1997; Malina, R.M, 1996). Exercise, on the other hand, is defined as a subset of physical activity 
that is planned, structured, repetitive, and completed in an effort to maintain or increase the 
fitness level (CDC, 1997). Both physical activity and structured exercise programs have been 
shown to improve fitness levels (Rowland & Freedson, 1994). Much of the existing pediatric 
research data on physical activity, exercise, and fitness levels had its inception in physical 
education settings. This may be the result of recognition that physical education is the best venue 
through which a majority of children have the potential to receive physical activity and 
instruction to promote lifetime physical activity and fitness. Furthermore, physical education 
may be among the most effective methods to reduce the public health burden of chronic disease 
(Journal of School Health, 1997). It may seem justified, therefore, to further examine the role 
and effects of physical education in our schools. Interestingly, however the positive effects of an 
 81 
active lifestyle on the components of health related fitness and chronic disease prevention might 
not be the most significant issue relating to the current status of physical education as a 
discipline. As the review of literature will demonstrate physical activity also has an effect on 
cognitive processing, but the questions to be answered include whether or not the effects have a 
measurable beneficial impact on school aged children. 
A.2 THE CURRENT STATUS OF PHYSICAL EDUCATION 
Academic accountability is a current theme in the United States and a great deal of time and 
money has been recently spent developing methods to improve the academic achievement of 
children. Politicians, administrators and educators have developed outcomes, standards and other 
curriculum modifications in an effort to ensure a quality education. This, combined with 
increased technological expenses, has led many schools to view the minor or special subjects as 
expendable (Goodwin, 1997). Schools are forced to make difficult decisions concerning 
curriculum, finances, and scheduling in an effort to achieve the best possible academic outcome. 
One of the programs that has suffered through such cut backs has been health and physical 
education (Francis, 1999; Public Health Service, 1995; Lavin, 1993; Malina, R.M, 1996). The 
standard argument is that an increase of physical education programs in schools would damage 
academic progress (Shephard, 1997). With high stakes academic achievement tests and federal 
No Child Left Behind legislation, many schools ponder if it would be beneficial to shift 
resources to the tested disciplines. To save money, according to this argument, schools should 
concentrate educational resources by cutting back or eliminating ancillary programs. Elimination 
of ancillary programs such as physical education would allow for more time to be spent in the 
 82 
core academic subjects.  Wilkins, Graham, Parker, Westfall, Fraser, & Tembo (2003) examined 
this premise in a study of elementary schools in Virginia. Although this study had a number of 
methodological concerns, the authors concluded that for the years examined in their study that 
reducing instruction for the arts and physical education did not yield anticipated benefits in the 
‘core’ standardized test content areas. Many educators and administrators currently see physical 
education as no more than a prep period for other instructors (Smith & Cestaro, 1996). This 
premise is foolhardy and premature. An objective examination of the literature, demonstrates that 
the study of physical activity, its effects on the human body, and impact on education is actually 
still in its infancy. Only since the 1970’s have organizations seriously begun to issue exercise 
guidelines, and it was not until the 1990’s that organizations such as the American College of 
Sports Medicine, American Heart Association, the Centers for Disease Control and Prevention 
(CDC), the Presidents Council of Physical Fitness and Sports, and the National Institutes of 
Health have firmly recommended that moderate intensity physical activity offers benefits to 
health and wellness (The U.S. Department of Health & Human Services, 1996; Rowland & 
Freedson, 1994). Combinations of these fact based recommendations and recognition that 
healthy children learn better and that no level of curricular intervention can replace and 
individual’s health (Symons, Cinelli, James, & Groff, 1997), lead to an important conclusion. 
Health, physical activity, fitness, and cognitive processing are inextricably linked and an increase 
in the overall health status of a learner has the potential for a positive impact on overall academic 
achievement (Devaney, Schochet, Thornton, Fasciano, & Gavin, 1993).  Other authors 
(Tremblay, Inman, & Willms, 2000) have even suggested that an increase in physical activity 
could help by raising self-esteem, which could positively affect a student’s academic 
performance. So while many schools are cutting back on physical activity and physical 
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education, organizations such as the American Academy of Pediatrics (2000) are advocating an 
increase in physical activity during the school day. In fact, the school setting provides a unique 
opportunity to offer programs for increased physical activity. Although, as will be discussed 
shortly, the effects of physical activity on physiological function in children are somewhat 
inconclusive, it is important to note successful interventions for obesity and hypertension have 
occurred in the school environment (Centers for Disease Control & Prevention, 1997; Bar-Or, 
1994). 
A.3 PHYSIOLOGICAL BENEFITS OF PHYSICAL ACTIVITY AND EXERCISE 
The positive benefits of physical activity on respiratory, musculoskeletal, cardiovascular, and the 
endocrine system have been well documented (U.S. Department of Health & Human Services, 
1996; CDC, 1997). It is well documented that sedentary lifestyle is linked to increased risk for a 
variety of chronic diseases and other problems, including obesity, diabetes, hypertension, and 
coronary artery disease in adults (American Academy of Pediatrics, 1992). Many of the chronic 
diseases attributed to a sedentary lifestyle in adults originate in childhood (American Academy 
of Pediatrics, 1992). The benefits of a physically active lifestyle, which are well documented in 
adults, have not been supported as thoroughly in the literature for children (Pate, R.R., Dowda, 
M. & Ross, J.G., 1990). Although not as extensive, the pediatric research indicates that some of 
the benefits that adults enjoy from physical activity may be realized during adolescence and 
childhood (Centers for Disease Control, 1997; US Department of Health & Human Services, 
1996). In cross-sectional studies, increased physical activity has been associated with lower 
levels of body fat, decreased alcohol and tobacco use, and an increase in bone mineral density, as 
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well as positive consequences for aerobic endurance, and muscular strength; with the potential to 
positively affect risk factors for cardiovascular disease, obesity, hypertension, diabetes, stroke, 
cancer, osteoporosis, and depression among others (CDC, 1997; Frances, 1999; Bar-Or, 1994). 
Children who are physically active also report better blood lipid profiles and lower blood 
pressures than their sedentary peers (Suter & Hawes, 1993). Unfortunately there are not enough 
longitudinal studies that track children through adulthood to evaluate the long-term effects of a 
physically active lifestyle (Bar-Or, 1995). In short there is no guarantee that a physically fit child 
will become a physically fit adult. However it appears that the short term benefits of physical 
activity seen in adults can be realized during childhood, with the potential to, if maintained, 
reduce the risk for health problems related to a sedentary lifestyle (American Academy of 
Pediatrics, 2000). In short, the importance of a healthy body, and the numerous benefits of a 
physically active lifestyle are well documented in children and adults.  With the physical 
component established, the next question is whether the healthy body is linked to a healthy mind. 
A.4 PSYCHOLOGICAL BENEFITS OF ACTIVITY/FITNESS 
Present research has demonstrated that physical activity can have a positive effect on 
psychological variables (U.S. Department of Health & Human services, 1996). Evidence 
suggests that physical activity has psychological benefits in four broad areas: higher quality of 
life, enhanced mood, stress reduction, and improved self-concept (Berger, 1996). Studies on 
adults have demonstrated significant positive results in areas including depression (U.S. 
Department of Health & Human services, 1996), self-esteem, self-concept, reduced anxiety and 
reduced stress (CDC, 1997). The positive effects of physical activity on psychological function 
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do not appear to be limited to adults, as was noted by Calfas and Taylor (1994) in a review of 20 
studies with subjects ranging from age 11-21. The general conclusion from their meta-analysis 
was that physical activity provides moderate psychological benefits for youth. The effectiveness 
of exercise on stamina, mood, and self-esteem has even led to it being considered as a counseling 
intervention, as was discussed by Chung and Baird (1999). Their review of literature concerning 
the psychological effects of physical exercise generally supported a positive correlation between 
physical exercise and mental health variables (depression, anxiety, and self-esteem) and even 
concluded by proposing guidelines and recommendations for counselors to consider using 
physical exercise as an added counseling tool.  
 The studies reviewed used the terms activity, exercise, and fitness in exploring how the 
environment can affect psychological function. These terms were previously defined and as they 
are not synonymous, an obvious question is what, or how much does an individual need to do to 
reap positive psychological benefits. The first step may be to find an activity that is enjoyable. 
As previously discussed physiological benefits (caloric expenditure, strength, cardiovascular 
conditioning, etc.) can be gained from activity, but participating in an activity that is personally 
enjoyable has an implication on mood state (Berger, 1996). When specifically addressing mood 
enhancing physical activity, Berger (1996) cites three characteristics that seem to affect the level 
of mood enhancement: rhythmical abdominal breathing, absence of competition, and 
closed/predictable activity. Berger (1996) notes that training guidelines that seem to correlate 
with positive mood alteration contraindicate the guidelines normally recommended for fitness 
training. The highest levels of positive mood alteration appear to occur with moderate levels of 
activity (Thayer, Newman, & McClain, 1994), which serves to raise energetic arousal while still 
appealing to those who want a less intensive enjoyable experience. In order to generate the 
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desired benefit the length of the activity has been cited (Pierce, Madden, Siegel, & Blumenthal, 
1993) as needing to be in the 20 to 40 minute range.  
A.4.1  Self-Perception/Social Skills 
Feeling good about one’s self and working well with others is an important step in being 
successful in any endeavor. In a pilot study Colchico, Zybert, and Basch (2000), found that a 12-
week physical activity program seemed to enhance physical, psychological, emotional, and 
social health of 30 urban African American and Hispanic adolescent girls. The results of the 
study demonstrated significant improvements in muscular strength, muscular endurance, 
flexibility, cardiovascular endurance and body composition with an apparent increase in 
cognitive self-perception. Boyd and Hrycaiko (1997) also used adolescent and pre-adolescent 
females to examine the effect of physical activity on self-esteem. The pretest posttest design of 
181 subjects ranging in age from 9 to 16, who participated in a six week exercise program, was 
particularly effective in improving self-esteem and self-concept in the preadolescent group, 
especially in subjects who started with a lower score. Discussion of why statistically significant 
improvements were only achieved for the younger age group included the high socioeconomic 
status of the subjects and a school that was already sensitive to the issues of self-esteem and self-
concept. This was reflected in the high scores of subjects in the pretest that in turn limited room 
for improvement on the assessment tool (Self Description Questionnaire). It was also thought 
that the intervention was not challenging enough for the older group.   
 Enhancement of social skills is another area where physical activity has been theorized to 
have a positive impact. Physical activity in the form of cooperative games, team sports, and 
individual sports which offer unique opportunities to learn cooperation, teamwork, and the 
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ability to follow rules that is often not available to the same degree in the regular classroom.  
Whether a change in behavior here constitutes a change in cognitive function or a simply 
development of coping strategies, bonding, or some other effect, it does deserve mention as part 
of this research study if for no other than tangential reasons as educational gains are more likely 
to be successful in a positive learning environment. Bluechardt and Shephard (1995) used 45 
learning disabled students (approximately 9-years-of-age) to examine the effect of physical 
activity on social skills. The treatment group received two 90-minute exercise sessions, with a 
strong social skills component, per week over a ten-week period while the control group received 
an equal amount of individualized attention in the classroom. Both groups showed improvement 
over the course of the study. The trend indicated in the data seemed to indicate that physical 
activity could have made an impact in several areas but it could not be statistically supported. 
Other possibilities include a halo effect, Hawthorne response, or simply a reaction to 
individualized attention. The conclusion in this article fails to address one important point, 
however. The physical activity program with embedded social skills did improve self-ratings of 
competence and subjects did improve in motor proficiency. The teachers also rated the students 
higher in social behavior. So, although the activity group did not significantly perform any better 
than the classroom intervention, it did not have a negative impact. The difference being, that the 
physical activity group had an opportunity for positive effects on the subjects’ health related 
fitness that the classroom intervention did not offer, and that the physical activity group could 
potentially reap other benefits, such as a reduction in anxiety and stress. 
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A.4.2  Anxiety/Stress 
Anxiety has been defined in an educational setting as feelings of tension that can interfere with 
the ability perform well in certain situations, and can also manifest itself in physical symptoms 
including tension, an inability to communicate, stomachaches, and headaches, which in turn can 
cause a domino effect resulting in poor grades, lowered self-esteem, and other stress related 
physical ailments (Austin & Partridge, 1995). Physical activity can aid in stress reduction by 
reducing tension, anger, and depression through altering the mood state (Berger, 1996). Calfas 
and Taylor (1994) reviewed 20 studies that examined the relationship between stress and 
physical activity in youth ranging from 11 to 21-years-of-age. Of the 20 studies reviewed, 11 
studies addressed anxiety and stress variables with 8 finding physical activity to have had an 
effect upon reducing anxiety and stress.  Anshel (1996) supports this finding with his study of 60 
unfit male undergraduate students. The study used aerobic exercise, placebo, and progressive 
relaxation as treatments. Students who participated in the aerobic exercise group responded to 
acute stress more successfully. The conclusions supported the use of chronic aerobic exercise to 
assist in coping with acute stress. Although many methods may serve as effective coping 
strategies, it would seem that physical activity offers the greatest potential. Not only does it 
appear as effective as methods such as progressive relaxation, but you gain physiological 
benefits as well that could assist in other areas such as self-esteem. 
 Many factors could affect how physical activity affects anxiety and depression, in a 
review of over 35 studies, Dishman (1995) found that studies hypothesized many reasons for 
how exercise could reduce anxiety and depression. These theories include self-perception of 
control, mastery, self-efficacy, distraction, and social interactions. He also cites possible 
biological mechanisms that were reported including altered autonomic, endocrine, and brain 
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monoamine and neuropeptide responses to stress as well as increased body temperature. 
Dishman (1995) discusses what is becoming a common mantra throughout this literature review, 
that although results would seem to lead researcher to examine dose and response of physical 
activity and its effect on various functions including stress, anxiety and depression, research over 
the past decade has made few inroads in this area. 
A.4.3  Self-Esteem/Self Efficacy 
A number of studies have concluded that a relationship exists between physical activity and self-
esteem. Tremblay, Inman, and Willms (2000) concluded in a study of 6th grade students that, 
even after controlling for socioeconomic status, physical activity levels had a significant impact 
on self-esteem. Calfas and Taylor (1994) reviewed 10 studies that examined how physical 
activity could affect self-efficacy, self-concept, or self-esteem. In their review, 9 of the 10 studies 
found that physical activity did affect self-esteem. The type of activity that seemed to produce 
the best self-esteem scores in most studies was aerobic in nature, which is the same conclusion, 
reached in a previous study by Labbe and Welsh (1993). In their study, 124 fourth and fifth 
grade children participated in a running program 3 times per week for an 8-week period. The 
results support research relating to the benefits of physical activity in several respects. Consistent 
with previous research, children in the running group had improved resting pulse rate, improved 
self-efficacy scores, and in a follow up six months later they maintained a higher health locus of 
control. This occurred even though the physical improvements had diminished without continued 
training.  The control group in this study was not sedentary. They also had a physical education 
class 3-times per week, with the difference being that they participated in normal activities and 
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not running for aerobic conditioning. It would have been interesting to see how the results would 
have compared with a sedentary control group. 
 How individuals feel about themselves has started to move from a general response and 
into more specific domains as research in this field progresses. Previous research examining the 
relationship of physical fitness and self-esteem did not produce significant results as expected. 
One possible explanation for this is that the wrong assessment instrument was used. A study by 
Marsh and Redmayne (1994) supports this possibility. Just as physical fitness has been 
subdivided into components, (muscular strength, muscular endurance, body composition, etc.) 
they propose that self-concept has similar components for categorization. Examples of physical 
self-concepts would include a general physical ability as well as appearance, flexibility, strength, 
endurance, and balance. Other self-concept components (physical, academic, and social) would 
be broken into subcategories as well sub-components. Their study did show support for this 
using a hierarchical, multidimensional physical self-concept model. The relevance of this line of 
thought to the current research study has to deal with how physical activity/fitness might affect 
academic self-concept. So although Marsh and Redmayne (1994) discussed the idea of a broad 
global construct to measure self-concept as being passé, unfortunately at this point in time 
measuring specific components of self-concept would be too challenging. One instrument has 
not been proven to differentiate between the various self-concept categories. For this reason, 
great objectivity needs to be used in examining what was assessed and the type of instrument 
utilized in past, current, and future research dealing with self-concept. 
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A.5 ACTIVITY, EXERCISE AND COGNITIVE FUNCTION 
The basic premise of this research project is to examine the effects of physical activity on short 
term cognitive processing in children. It would be illogical to complete such a study if the 
premise is not at least theoretically possible. The problem here is that although research has 
made great strides, it is at this point still not possible to look inside the brain, identify specific 
change that has occurred, and state with absolute certainty that learning has resulted due to 
treatment. But, as previous components of this literature review have demonstrated, physical 
activity has been documented (to varying degrees depending on the study) to affect physiological 
and psychological processes. In short, it is plausible that activity levels could have some impact 
on cognitive processing.  It is also common sense that being physically active is not going to turn 
a child into a gifted musician or athlete. Although the human race always seems to want a simple 
answer, it is most likely multiple factors (innate ability, motivation, practice, etc.) that play a role 
(Larson & Zaichkowky, 1995) in the fruition of a child’s potential. So, if physical activity has 
the potential to impact cognitive processing but is not a panacea for intellectual growth, then 
research will need to define what effect it does have. When comparing fitness and cognitive 
function, studies do not consistently report a robust relationship, however the incidence and level 
of improvement is too high to be occurring by chance alone (Spirduso & Asplund, 1995). To 
understand the link between cognitive function and physical activity it would be beneficial to 
gain more of an interdisciplinary view on the matter. 
Understanding how fitness, movement, or exercise affects cognitive function is a topic 
not limited to the field of motor behavior. It can include disciplines as far ranging as archeology 
and encompass times before prehistoric man.  The idea that activity and movement could be 
related to cognitive function is not a new one. In fact, activity has been correlated with cognitive 
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function in ways many people would never have imagined. One researcher has proposed that the 
very reason that humans are able to write and speak in sentences may be linked to evolution and 
our ability to perform ballistic movements. Calvin (1993) stated such a premise with his unitary 
hypothesis, where he proposed that for pre-planned movement, language, throwing, and novel 
manipulations; the brain has a common neural circuitry. He theorizes that the circuitry for 
performing ballistic movements, such as throwing, may be used to sequence other muscles, as 
well. One such observation includes how young children screw up their faces and tongues when 
learning to write. Although his evolutionary perspective is unique, he does make an interesting 
argument concerning evolution of man and how the development of tools and language seem to 
parallel each other. His argument is that man’s improvement in cognitive processing is directly 
related to his ability to perform ballistic movements. A simplified assessment of this article 
concludes that the language of man developed out of a need to eat. As man evolved and learned 
to perform pre-planned ballistic movements (i.e. throw things at animals) to obtain food in order 
to survive, this same pre-planning allowed for the development of language and other cognitive 
skills. Although intriguing, this line of discussion is predominately theoretical in nature, as it 
would have happened millions of years ago. Fortunately, the link between cognitive function and 
physical activity is not limited to anthropological studies.  
Bjorklund and Brown (1998) hypothesized that physical play can provide a break from 
intellectual tasks and that rough and tumble play may assist in developing social cognition. Their 
article posits that play and other forms of physical activity may facilitate school learning and that 
educators need to realize that cognition and physical activity do not inhabit mutually exclusive 
domains. The authors reinforce a need to explore interdisciplinary methods in an effort to 
understand development consistent with the developmental systems perspective. Contemporary 
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motor behavioralists have a similar premise called embodiment (Thelen, Schoner, Scheier, &  
Smith, 2001). The theory of embodiment is that cognition, emotion, and language is inextricably 
linked to perceptual and motor abilities, an idea which sixty years ago would not have been 
considered. 
As recently as the 1940’s the dominant theories such as Gesell’s Maturation Theory 
supported a genetic view of development that required little, or no stimulation from the external 
environment. This thinking was challenged in the 1960’s when researchers were able to use 
tracer chemicals to show that glial cells or neurons could be regenerated in adult rats (Das 
Altman, 1965). The 1980’s brought about further change as researchers were able to demonstrate 
that the environment affects brain weight and neural connections in rats (Ronzenzweig, 1980) 
indicating a possible influence on their ability to learn.  More specifics on the potential for 
environmental impact on neural development was discovered in the 1990’s when the type of 
environment was shown to affect neural development. For example van Pragg (1999) 
demonstrated that rats using a running wheel or swimming pool grew brain cells at a 
significantly higher rate than rats who completed a simple learning task. Other animal studies 
have continued to reinforce the positive affects of a healthy lifestyle including physical activity. 
Milgram, et.al. (2005) completed research supported by the National Institute on Aging which 
examined the cognitive function of beagles who were fed a diet fortified with fruits, vegetables, 
vitamins, and were provided with a variety of cognitive stimulation and also exercised at least 
twice a week. Beagles in the treatment receiving the nutrition and physical activity intervention 
demonstrated improved cognitive processing. Canine studies could have important implications 
for humans as both species engage in complex cognitive strategies and have complicated brain 
structures.  So although the research has demonstrated the positive affects that physical activity 
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can have on primates, rats, and beagles, the current literature review is concerned with humans. 
In the late 1990’s, researchers discovered that the drug bromodeoxyaridine, which was used to 
track brain cell division in rats, was also used in cancer patients.  When autopsies were 
completed on throat cancer patients (Eriksson, 1998) who had received bromodeoxyaridine it 
was demonstrated that, in fact, new cells were being generated in the hippocampus region of the 
human adult brain. Since three quarters of the human brain develops outside the womb, it is 
obviously important to understand how the environment affects the unfinished brain that nature 
has provided (Shore, 1997). Studies examining the developing brain in children are limited, 
however a significant number of studies have been completed on adults. 
A.5.1 Adult Studies 
In adult populations, physical activity has been shown to relate to cognitive function 
(Emery, 1995; Hassm’n & Koivula, 1975). Active fit adults, when compared to sedentary low fit 
groups, have demonstrated faster simple and choice reaction times. This would indicate that 
physically fit adults are faster at making decisions (Rowland, 1990; Chodko-Zojko 1991). 
Dipietro, Seeman, Merrill, and Berkman (1996) came to this conclusion in a study of 70-79 year 
old subjects where the effect of physical activity on the decline of cognitive function was 
explored. Previous studies have also indicated that physically fit or physically active older adults 
have higher cognitive performance scores than their less active peers (Hultsch, Hammer, & 
Small, 1993; Chodzko-Zajko & Moore, 1994). They concluded that cognitive benefits might be 
received from physical activity.  
Van Boxtel, Paas, Houx, Adam, Teeken, & Jolles (1997) completed a study using 
subjects ranging in age from 24-to-76. Multiple cognitive assessments (intelligence, verbal 
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memory, & cognitive speed) were compared with their aerobic fitness level as determined using 
a submaximal bicycle ergometer test. Their conclusions indicated that fitness level had a greater 
impact on cognitive processes requiring more attentional resources. The study also supported the 
moderator model, which hypothesizes that individuals who maintain an adequate level of fitness 
throughout life can slow the normal age related decline in attentional resources. The general 
indication is that chronic physical activity and resulting physical fitness in adults helps them to 
perform at a higher level on cognitive assessments than their less fit peers (Tomporowski & 
Ellis, 1986). The affect of fitness level on cognitive processing for an acute bout of physical 
activity is less clear however.  
There is support that an acute bout of physical activity can positively affect mood states 
(Raglin, 1997). This is an important consideration for a number of reasons. The normal 
assessment method used to measure chronic physical activity and a resulting classification of 
fitness has been maximum oxygen uptake, often no consideration is given to other components 
of health related fitness, and rarely have studies made an effort to relate the physical demands of 
the cognitive assessment in the study to the fitness intervention that was utilized. Whether or not 
such a point is relevant would depend on the proposed theory behind why cognitive processing is 
improving. For example if the theory is that chronic physical activity improves fitness level and 
cognitive processing through improved neural networking, then it would appear logical to use a 
cognitive assessment tool for crystallized intelligence. If it is desirable to measure fluid 
intelligence with the theory being that increased arousal (inverted U hypothesis) is the catalyst 
for improved cognitive processing then physical activity needs to be assessed differently. 
Chronic physical activity in this case could raise an individual’s basal metabolic rate and have a 
long-term effect on arousal level, or an acute bout of physical activity could raise arousal levels 
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thus impacting fluid intelligence during or shortly following the activity. In the latter case the 
type of physical activity is not as important as the need to raise arousal levels. In fact fitness 
level in this situation may not be important at all as an aroused individual should perform better 
(Than when in their non aroused state.) regardless of fitness level. The optimal level for arousal 
in adults appears to be achieved using moderate to vigorous intensities of 40 to 80 percent of 
maximum oxygen uptake performed for at least 20 minutes (Brisswalter, Collardeau, & Rene, 
2002). Further support for an acute bout of physical activity affecting cognitive processing in 
adults is reinforced in a review completed by Tomporowski (2003). The review demonstrates 
that studies, which implemented a moderate intensity aerobic exercise, report improvement in 
cognitive performance during and following the activity.  
As the aforementioned articles demonstrate, the literature has (and continues to) 
consistently documented the consistent positive affect of fitness and a physically active lifestyle 
on older populations (Weuve, Kang, Manson, Breteler, Ware, & Grodstein, 2004; Hirsch & 
Hirsch, 1998; Barnes, Yaffe, & Satariano, 2003). Spirduso and Asplund (1995) summarize the 
adult research quite succinctly when they admit that although many studies do not demonstrate a 
high correlation between fitness and specific cognitive functions, a relationship consistently 
occurs at too high a level to be happening by chance. The fact that some studies demonstrate 
significant results when others do not may be simply due to the wide variety of fitness and 
cognitive assessment methods utilized. Although the adult research is quite promising, children 
are not miniature adults, and it is required to examine whether the results of the above studies 
can be generalized to younger populations or are age specific. 
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A.5.2 Child Studies 
Research examining the effect of physical activity on cognitive function in children is not as 
extensive as the adult research. There have been a number of studies completed on young adults; 
for example, Anshel (1996) studied the emotional, behavioral, and somatic responses to acute 
stress. In this investigation, the effect of chronic aerobic exercise and progressive relaxation on 
motor performance following acute stress was examined. The 60 unfit male undergraduate 
students who were in an aerobic exercise group (cycle ergometer) improved significantly in 
cardiovascular fitness over the course of the ten-week study. The aerobic group also improved 
markedly on a pursuit rotor apparatus motor task over the placebo (sedentary group discussion) 
and performed better than the relaxation and control (no intervention) groups. The above-
mentioned study is typical in that although generalization of results of studies of this nature 
seems plausible, there have been relatively few pediatric studies specifically addressing the mind 
body connection. The limited number of studies is further confounded by difficulty in comparing 
methodologies as many researchers do not adequately define or delineate the parameters of the 
mind body connection. For example, in both adult and youth studies few researchers categorize 
the type of cognitive process being assessed (i.e. crystallized intelligence, fluid intelligence) and 
whether specific types of physical activity or fitness level is more likely to affect certain types of 
intelligence (Spirduso & Asplund, 1995). Care must also be used when examining adult studies 
and attempting to replicate them in pediatric populations, as children are not miniature adults, 
with many secular and developmental changes that need to be considered. 
Current theory and science do support the hypothesis that an increase in physical activity 
can affect cognitive performance in children. Research has shown that when schools offer quality 
physical activity programs that there can be improvement in academic achievement. Purported 
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improvements include reduced disruptive behavior, increased concentration, and improved 
scores in reading, writing, and mathematics. These results have been touted even when the 
increase in physical activity resulted in reduced time for other academic subjects (Symons, 
1997). Long term (chronic physical activity), a higher level of health-related fitness, and even 
short term a single (acute) bout of physical activity, could increase cortical oxygen availability 
(oxygen hypothesis) and impact cognitive function. Numerous methodologies have been 
implemented to examine these variables. In 2001, Bunce reviewed research that investigated 
cortical oxygen availability and cognitive function. A reduction in cerebral oxygen (high altitude, 
hypoxia) was found to reduce scores on cognitive performance tasks, including reaction time and 
movement time (Kramer, Coyne, & Strayer, 1993; Fowler, Taylor, & Porlier, 1987), while 
administration of oxygen positively affected subjects’ short term memory performance in tasks, 
such as word recall, in subjects as young as 18-years-of-age (Moss & Scholey, 1996). Another 
study used a survey to establish physical activity levels, (Tremblay, Inman, & Willms, 2000) and 
found a weak relationship with academic achievement in mathematics and reading in 12 year-
olds. When reviewing studies implementing such diverse methods, commonalities must be found 
to effectively examine the results. In reviewing the literature of cognitive responses to physical 
activity, two common categorical methodologies appear to be consistent. One method examines 
the effects of chronic physical activity programs (several weeks of a physical activity 
intervention) while the second examines the effect of acute (an individual activity session) 
physical activity (Tomporowski, 2003). Chronic activity programs of sufficient intensity 
performed over a period of time should result in improved fitness scores for the intervention 
method employed. Acute activity sessions affect a temporary change in physiological function. 
Obviously when exploring the effects of activity on cognitive function, chronic programs 
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attribute cognitive changes to the cumulative effect of activity (i.e. improved cardio respiratory 
fitness), while acute programs attribute changes to the immediate (i.e. glucose utilization) effects 
of activity. Although the two are not mutually exclusive (A series of acute bouts of activity over 
an extended period becomes chronic.), few studies have specifically addressed the effects of 
acute bouts of physical activity on children’s cognitive performance (Tomporowski, 1993). This 
is surprising considering the previously addressed studies citing the positive effects of activity on 
adult cognitive processing and that nearly every child or adult study has recommended further 
clarification and the need for further research. 
Classic studies from Canada, Australia, and France supported the premise that cognition 
and physical activity have a connection. The Trois Rivieres study in Quebec, Canada was a 6-
year cross sectional longitudinal study of students in grades 2 through 6. One class of 546 
students served as the treatment group while the preceding and succeeding grades served as 
controls. The treatment consisted of a 14% reduction in academic time, which allowed for an 
additional 1 hour per day of physical education. In four of the six years the treatment group 
outperformed the controls significantly in grades 2, 3, 5, and 6, even though the control group 
started with better academic scores (Shephard et al., 1984). 
Schools in Hong Kong were banded by prestige groups (high, medium, and low) with 
students from the schools completing a survey (Lindner, 2002) inquiring about the type, 
frequency, and duration of up to five activities during the 1998-1999 school year. The survey 
also asked students to rank their academic potential and academic performance for the same time 
period. Academic assessment values were received for subjects in the study in the form of grades 
from participating schools. Results of the study demonstrated evidence for a positive link 
between activity participation and academic performance however the study did not make 
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definitive conclusions due to affordances related to school banding. The nature of the evaluation 
methods utilized in the study were not able to conclude if there was a causal relationship between 
physical activity and academic performance. Studies of this nature do not have much of a 
correlation to the current research proposal due to the subjective nature of assessment used for 
both academic achievement and physical activity but is typical of much of the literature on 
physical activity and cognitive function. 
 In the Australian School Health, Academic Performance and Exercise study, 
researchers increased physical activity time for the treatment groups from 30 minutes 3 days a 
week to 75 minutes a day, and emphasized either cardiovascular or skill development. To 
accommodate this increase in physical education, time spent in other academic disciplines was 
significantly reduced. Results indicated that students with increased physical education time, 
especially activity with an emphasis on fitness, did not fall behind their peers in arithmetic and 
reading and in fact, demonstrated significant improvements in classroom behavior. A follow up 
study suggested that the treatment group also maintained a higher level of classroom behavior 
and improved scores over the control group in arithmetic and reading (Dwyer, Coonan, Worsley, 
& Leitch, 1979; Dwyer, Coonan, Leitch, Hetzel, & Baghurst, 1983). Another Australian study 
used a questionnaire analyzing 7-15 year old students physical activity and sport performance 
during the previous week. The activity questionnaire was compared to student academic 
performance and fitness test scores. The results concluded that academic ratings were 
consistently correlated with physical activity ratings from the questionnaire and fitness test 
scores (standing long jump, 50 meter sprint, push ups, sit ups, 1.6 kilometer run) in both genders 
for the ages studied (Dwyer, Sallis,  Blizzard, Lazarus & Dean, 2001). Unfortunately the study 
did not implement any direct measure of cognitive function rather it depended on a five point 
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rating scale (excellent, above average, average, below average, poor) to assess the scholastic 
ability of students.   
 A French study completed in 1950 also demonstrated that an increase in physical 
activity and a decrease in instructional time do not lead to poorer academic performance. This 
study is difficult to compare to the typical American school day because of the structure and type 
of interventions. In the study, academic instruction time was reduced by 26%. Students had a 
longer school day with a siesta, participated in physical activity every afternoon, and received 
vitamin supplements. These factors have also made it nearly impossible to reproduce in current 
academic settings. Although it is difficult to draw conclusions and generalizations from this 
study due to the methodology used and lack of scientific structure and rigor, teachers in the 
experimental school consistently reported better attendance, fewer disciplinary problems, and 
students who were calmer and more attentive during academic instruction (Shephard, 1997).  
 Several theories have been proposed to explain the mechanism through which 
physical activity would affect cognitive function. One thought which could explain why some 
studies show significant results while others do not is that the effect of activity or exercise on 
cognitive performance may depend upon the type of cognitive performance measured, as well as 
the type of physical activity and how long it is performed. The Activation Theory proposes just 
this. In the Activation Theory it is hypothesized that task performance is best at a certain arousal 
level. Physical activity is one method by which arousal can occur. The true challenge is that the 
target arousal area for a performance differs from person to person. Taking the Activation 
Theory one step further would lead us to the Inverted U Theory. The Inverted U Theory would 
plot duration and type of physical activity with corresponding cognitive performances. 
Theoretically, this would allow for comparisons to find the optimal arousal level allowing for the 
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best cognitive performance. Craft (1983) used such a premise in her study of 7-10 year old 
normal and hyperactive young boys. Her study did not find any significant correlation with the 
Inverted U Theory, but she concluded intervening factors such as length of physical activity 
could have affected the outcome. In her study, physical activity consisted of pedaling a bicycle 
ergometer for 0, 1, 5, or 10 minutes. This length of time may not have been enough to provide 
the required arousal to affect performance (So, her study, may have actually supported the 
inverted U hypothesis, just not as she predicted.) or the cognitive assessment method used was 
either too difficult or too easy for children. Another similar study completed by Gabbard and 
Barton (1979) did find that physical activity could affect cognitive function (mathematical 
computations) in second graders. One of the main differences between the two studies was that 
Gabbard and Barton (1979) used 20, 30, 40, 50 minute sub maximal cycle ergometer exercise 
sessions as well as two no exertion pre and post tests. The study found significant differences 
between the 6 sessions with the 40 and 50-minute time frames demonstrating the best mean math 
scores. There was no significant difference between the pre and post mean math scores for the no 
exertion sessions. The research finding for this study are consistent with the literature 
recommending a minimum of 20 to 40 minutes of moderate activity to have a positive affect on 
psychological mood states. Results of this study also support the proposal that an acute bout of 
physical activity can have an affect on cognitive function. Gabbard and Barton (1979) concluded 
that the subjects might have exerted themselves enough to be relaxed rather aroused during the 
mathematical cognitive assessment thus improving their concentration level. A similar research 
design (McNaughten & Gabbard, 1993) used a 20, 30, and 40-minute moderate intensity walking 
with sixth grade students at three different times during the school day. Following the activity 
subjects were administered a 90 second mathematical computation test. Although no significant 
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differences were found for scores during the morning (8:30 am) activity session, the afternoon 
sessions (11:50 am & 2:20 pm) demonstrated significant improvement in the mathematical 
computation scores for the 30 and 40 minute walking sessions. These studies demonstrate that an 
acute bout of physical activity can have an immediate affect on cognitive processing in children. 
 In a study with some similarities (cognitive processing measures) to the current 
research problem, Blomquist and Danner (1987) used 66 adults ranging in age from 18-to-48 to 
examine the effects of physical conditioning on information processing. The study used a pre-
post test design over a 10 to 12 week period. At the conclusion of the 12 week period subjects 
were classified based on their improvement in predicted maximal oxygen uptake from beginning 
to end of the study. To measure information processing researchers used a memory search task, a 
name retrieval task, an intelligence test, and a memory test. The results showed subjects 
improved in every category, with the exception of the intelligence test. The more physically fit 
subjects also tended to perform better than the less fit group although this finding was not 
statistically significant. Results of the study may have been confounded by improvement from 
practice effects and the fact that only modest gains were made in fitness over the study. Starting 
with less fit subjects may have shown significant results. Interestingly, no comment was made 
about the lack of a sedentary comparison group. All of the subjects in the study were involved in 
physical activity/fitness programs; it could be argued that the physical activity affected their 
performance on the test and not their degree of fitness. 
 Cognitive function could be impacted by numerous factors related to physical 
activity. These factors, as discussed previously, can be quite numerous and may include 
improved cardiorespiratory fitness, improved cerebral blood flow, changes in hormonal levels, 
enhanced self-esteem and self concept, less depression, increased ability to concentrate, and 
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improved behavior in the classroom setting. Scientists using animal studies have introduced 
another mechanism through which physical activity may impact cognitive function. Studies 
using rats (Isaacs, Anderson, Alcantara, Black, & Greenough, 1992) have suggested that physical 
activity in the form of endurance training may promote metabolic support for synaptic 
development. Adult rats that followed a thirty-day training period showed development of new 
blood vessels in their brains. Several of the studies reviewed did report improvement, but not 
significant changes. This also gives cause for reflection, because it is not really known whether 
the effect of a few milliseconds improvement in cognitive functioning will be long or short term. 
In a research study, milliseconds of difference on a reaction time test may be reported as 
statistically insignificant, but the ability to process information just a little faster over a lifetime 
(especially if the effects are cumulative) theoretically could make a huge practical difference.   
Also previously addressed was that older individuals with a higher level of physical 
fitness perform better on cognitive activity tasks.  Whether this is due to a higher level of fitness 
at one concrete point in time, or the process of lifelong physical activity, is a legitimate question.  
This association between early life physical activity and delayed late-life cognitive deficits has 
been described as the cognitive reserve hypothesis. The premise of the theory is that early life 
physical activity stimulates trophic factors and neuronal growth in the brain resulting in a higher 
brain reserve capacity. Studies have shown that individuals who have been physically active 
throughout their early years demonstrate higher cognitive function as they age. Dik, Deeg, 
Visser, and Jonker (2003) studied 1,241 subjects ranging in age from 62-85 and were asked 
retrospectively of their activity levels from age 15-to-25. To measure cognitive functioning the 
study used the Mini-Mental State Examination and information processing speed was assessed 
using a letter substitution task. The findings from the study found a positive correlation between 
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regular physical activity in early life and level of information processing speed at older age for 
men but not women. Significant findings were not found for women in this study. Explanations 
for inter gender score discrepancies were offered by Cotman and Berchtold (2002), who 
reviewed how voluntary exercise increases levels of brain-derived neurotrophic factor 
stimulating neurogenisis. In their article they address how steroid hormones influence brain 
aging. Post-menopausal women have reduced levels of estrogen, which compromise neuronal 
function. While Estrogen replacement appears to slow this process, Dik, Deeg, Visser, and 
Jonker (2003) did not address this variable in their study and could be one possible explanation 
for the poor performance of their female subjects. 
Recently the research has been reevaluating possible links between physical activity and 
academic performance. Ironically some of the most effective evidence available to support a 
possible correlation between physical activity and cognitive function are the standardized tests 
that have resulted in the elimination or reduction of physical education in many schools. In 2002 
the California Department of Education released a study indicating that fit kids perform better 
academically. The study utilized the state mandated Fitnessgram fitness test and the Stanford 
Achievement Test (SAT) for students in fifth, seventh, and ninth grade. Over 900,000 students 
had their reading and math scores from the SAT’s compared to their fitness scores. For each 
grade level assessed, students with a higher fitness level also demonstrated higher achievement 
scores.  With students who met the minimum (healthy fitness zone) Fitnessgram levels in three 
or more of the fitness areas demonstrating the greatest gains in academic achievement. Overall 
females especially those of a higher fitness level performed better than males on the achievement 
tests.  
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A curriculum promoting Sports, Play, and Active Recreation for Kids (SPARK) was 
implemented (Sallis, McKenzie, Kolody, Lewis, Marshall, & Rosengard; 1999) to examine 
1,538 students from a school district in Southern California. The two year study assessed the 
students during fourth, fifth, and sixth grades on variables including physical fitness, 
psychosocial variables, and physical activity. These items were measured suing a variety of 
measures including surveys, physical activity monitors, parental surveys, and fitness tests. The 
curricular intervention (SPARK) promoted physical activity in classes offered a minimum of 3 
times per week with the average class lasting approximately 30 minutes. Using the Metropolitan 
Achievement Tests to measure academic achievement the study found that spending more time 
in physical education did not have a detrimental effect on standardized test scores for the 
children. The results of the statistical analysis were mixed. The methodology utilized classroom 
teachers who were trained in the SPARK curriculum while the control group continued to used 
the usual physical education program implemented by the classroom teacher, while specialists 
(three physical education teachers) were hired to instruct students in two of the seven schools. As 
mentioned increased time in physical education did not have a detrimental effect on standardized 
test scores and there was some significant evidence that the health related physical education 
program had favorable effects on academic achievement although not on the actual achievement 
test scores.  Results of the study support the historical view that physically active children may 
be better learners. 
Throughout history a strong mind and a strong body have been intricately linked, 
however the current secular trend in the United States is that young people are generally inactive, 
unfit, and increasingly overweight (American Heart Association, 2004). As the literature review 
has revealed, relatively few studies have examined the relation between the activity levels of 
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children with their short term cognitive processing. Designing such studies for children is more 
challenging, due to questions about assessment methods and difficulty controlling for inherent 
dynamic variables such as motivation, growth, development, maturation and numerous other 
factors in this population.  However in a society where individuals go on special diets and take 
supplements (Many with no empirical evidence to support their use.) in the hope that they can 
improve their physical and mental performance (Matheson, 2000), it would be ill advised not to 
further examine physical activity, which already has a proven track record for promoting positive 
health benefits. The documented risks associated with a sedentary lifestyle, associated increase in 
childhood obesity, and the increased risk for hypo kinetic disease (Freedman, Dietz, Stinivasan, 
& Berenson, 1999) easily support a rationale for more research on pediatric physical activity. 
With regard to physical activity and cognitive function, even with the variety of methodologies 
implemented, the review of literature has consistently demonstrated that an increase in physical 
activity will not have a detrimental impact on standardized test performance. No direct 
correlation has yet been found directly connecting physical activity to cognitive function but the 
incidence of positive correlations between the two variables is too high to be simple coincidence. 
The lack of consistent significant results could be attributed to inconsistencies in the evaluation 
instruments used. As previously reviewed cognitive function has been measured using surveys, 
grades, standardized test scores, intelligence tests, and a wide variety of psychomotor test 
batteries. Physical activity has been measured using surveys (by children and parents), a variety 
of fitness tests, curricular interventions, and self assessment. The purported mechanisms through 
which cognitive function can be affected by physical activity include both physiological 
mechanisms (structural changes, altered brain neurotransmitters, increased cerebral blood flow, 
altered arousal levels) as well as learning/developmental factors (Sibley & Etnier, 2003). With 
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the latter being that the movement involved in activity is important and not necessarily the level 
of exertion. What is clear following a review of the literature is that the assessment methods used 
to compare physical activity and cognitive function should be thoroughly examined. 
A.6 ASSESSMENT OF PHYSICAL ACTIVITY/FITNESS 
In order to determine the potential for physical activity and/or fitness to impact cognitive 
function it is necessary to operationally define these terms. Fitness is normally categorized as 
health-related (cardiorespiratory endurance, muscular strength, muscular endurance, flexibility, 
and body composition [CDC, 1997]), or skill related (balance, agility, power, reaction time, 
speed, and coordination [CDC, 1997]). The studies examined for this literature review used a 
variety of both laboratory and field tests, each having inherent strengths and weaknesses 
including different levels of reliability and validity. Generally speaking, field tests normally have 
a higher number of subjects. However, it is sometimes difficult to establish how stringently test 
protocols were followed. Laboratory test are normally administered to a smaller group of 
subjects in a controlled environment. Questions about laboratory tests typically revolve around 
how this unfamiliar environment affects children’s performance and how closely lab tests 
correlate to the non-laboratory setting. Just as important as the type of test to be used is the 
assessment method and the analysis of the results. For example, an isokinetic machine, push-ups, 
pull-ups or bench press could each be used as the test to measure upper body strength that could 
then be assessed using a variety of norm or criterion referenced standards to determine 
acceptable performance levels. A subject could perform similarly on a given test and yet receive 
significantly different scores affecting the analysis of the test. Yet, in order to develop standards, 
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a definition of fitness needs to be developed. Rowland and Freedson (1994) define physical 
fitness as the ability of an individual to perform on field exercise tests. Overall, however, the 
literature fails to present scientific evidence that could be used to categorically select one 
preferred type of fitness test battery (Pate, 1991; Safrit, 1990), as each has pros and cons. In fact, 
although definitions have been given for physical fitness the viability of these definitions could 
be challenged as no universal definition of physical fitness, has been accepted. Even in the 
laboratory there are few valid and reliable Gold standards to measure overall fitness levels 
(Gallahue & Ozmun, 2002). The method of assessment chosen could have significant impact on 
a research study, for as was previously discussed, the type of activity (aerobic, duration, 
enjoyment, etc.) could affect a variety of physiological and psychological factors. This has also 
led to difficulties in comparing studies using fitness as a variable due to invalid assessment 
measures, the variety of assessment methods implemented, and the variations in the age groups 
studied (Spirduso & Asplund, 1995).  
A.6.1  Assessment Methods 
Whether examining fitness or activity levels, the question that must be answered is, how well did 
the subject do? The answer to this question may depend on whether data was analyzed using 
norm or criterion referenced standards. Norms take the scores from a group of subjects and use 
these scores as a reference point by which other subjects can be compared (Safrit, 1995). It is 
important to remember that norm referenced standards are only as accurate as the group used to 
establish the normative standard.  Criterion referenced measures on the other hand use research 
to establish standards of what would be acceptable (Safrit, 1995). This process has limitations as 
well, however, because as has already been discussed, the research on certain populations, such 
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as children, lacks close examination of the established criterion. The choice to use a norm or 
criterion referenced standard should depend on, among other things, upon the reason for the test 
administration. Fitness testing, which was primarily used for grading and awards in an 
educational setting and for data collection in research, has evolved into a valuable tool for 
providing feedback to individuals of all ages concerning the impact of their life choices. Koebel, 
Swank, & Swinburne (1992) completed a study which was then later addressed by Safrit (1995) 
where children’s test scores were converted to both criterion and norm referenced standards. The 
results of the study found that on average no age group of either gender was able to pass the test 
using the norm referenced standards. In adult populations, the separation point for high and low 
risk individuals is normally set at the 20th percentile in criterion referenced test, with the 
emphasis of the fitness testing being for the subjects to meet minimum health-related standards. 
With this in mind, only a few of the subjects in the study were unable to meet the criterion 
referenced standard. 
A.6.2  Physical Fitness 
There has been a long running debate as to whether or not American children are physically fit 
(Corbin & Pangrazi, 1992). One of the reasons for this debate is the difficulty of comparing 
fitness tests over time. Comparing test scores of children in years past is a tenuous undertaking at 
best. Because the methods and technologies of assessment and evaluation used today are not the 
same as those used previously, it cannot be generally stated with any absolute certainty whether 
today’s children are more or less fit than in years past (American Academy of Pediatrics, 1992). 
More specifically for children under the age of six, comparisons cannot be estimated  because 
fitness data on children of that age were not normally collected in years past. About the only 
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point that seems to be generally agreed upon is that children today have a higher percentage of 
body fat than children of 20 years ago (Ross & Gilbert, 1987). Time is an issue with fitness 
testing, not only from past to present, but also as related to the chronological and developmental 
age of each individual subject. Fitness testing adolescents of the same chronological age does not 
ensure that they are at the same developmental level, stage, or physical size. Rowland, 
Vanderburgh, and Cunningham (1997) emphasized the importance of the body size issue as 
related to maximal aerobic power in children. As children grow, their maximal oxygen uptake 
(VO2 max) also improves. How this improvement is related to age, body composition, and 
general body size is important if researchers hope to establish norms and make an accurate 
assessment of an individual’s fitness level. Herein lies the crux of the problem, especially in 
research involving children, as Rowland, Vanderburgh, and Cunningham (1997) discuss when 
calculating VO2 max, results obtained are dependent upon the formula used, and comparisons 
between different formulas can be significantly different and may even show an inverse 
relationship between the genders. Which can be particularly confusing when attempting to 
compare and contrast the methodologies of articles within a literature review. With that being 
said maximum oxygen uptake continues to be a valuable tool through which the current 
cardiorespiratory fitness level and the effects of chronic physical activity can be measured.  
A.6.3 Physical Activity 
Numerous methods have been implemented in an attempt to quantify and assess physical activity 
levels. A few of the methods have included surveys, recalls (Tremblay, Inman, & Willms, 2000); 
measurement devices such as pedometers and accelerometers; and other assessment methods 
such as academic learning time (Silverman, Devillier, & Ramirez, 1991). Although these 
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methods may have served the purpose in each individual study, it is difficult to compare or 
generalize. Subjective assessments of physical activity are also limited by an individual’s 
memory (survey), or the observation ability of a teacher looking for time-on-task.  Chronic 
physical activity of a sufficient intensity would also affect fitness level and should afford a 
person higher scores on surveys and with pedometers and accelerometers.  One of the premises 
of this proposed research study is that physical activity needs to be viewed more as a process and 
not a product. Fortunately with improvement in technology, the process of quantifying the 
intensity level within individual (acute) bouts of physical activity has been consistently 
performed using heart rate monitors in a variety of venues (Allen, 1988; Strand & Reeder, 1993). 
With the use of heart rate monitors being well documented and validated on children (Trieiber, 
Musante, Hartdagan, Davis, Levy, & Strong, 1989; Epstein, Paluch, Kalakanis, Goldfield, Cerny, 
& Roemmich, 2001). Daily moderate physical activity of at least 30 minutes is recommended for 
children with heart rate being one of the recommended methods assess physical activity level 
(Montoye, Kemper, Saris, & Washburn, 1996; Franks, 1997). 
A.6.4 Activity Prescription 
Development of an exercise regiment by a professional in the field for a specific reason, such as 
rehabilitation, sport training, or for some other outcome, is normally referred to as exercise 
prescription. Part of this structured exercise prescription is determining how much activity or 
exercise is required to reach an intended goal. The proposed study will use a form of exercise 
prescription to determine if an acute bout of physical activity will induce an effect on short term 
cognitive processing. At one end of the continuum low level physical activity or sedentary 
behavior, while at the other end is a moderate level of physical activity. As addressed earlier, 
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many researchers have argued that Americans are far too sedentary and need to increase their 
physical activity levels. There are also individuals who have a very high intensive training 
program. Interestingly, a structured form of high intensity exercise may not be needed to produce 
the beneficial effects that many people aspire to reach. Research seems to indicate that this is 
true for adults and children alike. In a study of sedentary adults, 30 minute bouts of physical 
activity each week appeared as effective as a more intensive structured exercise program to 
improve blood pressure and cardiorespiratory fitness (Dunn et al., 1999). For this reason, the 
term activity prescription was chosen over exercise prescription as research has indicated that a 
structured exercise program may not be in the best interest of children. Studies have also shown 
an association between levels of physical activity and physical fitness in young children (Pate, 
Dowda, & Ross, 1990). This indicates that a structured training program might not need to be 
undertaken to improve the level of fitness in children. Further supporting this premise, 
researchers Pate, Dowda, and Ross (1990) found a significant relationship between the fitness 
level and activity level in 8- and 9- year-old children. A program making the child less sedentary 
by increasing physical activity could have numerous beneficial effects. Physical activity and 
fitness can both be broken down using the mnemonic FITT (Allis & Patrick, 1994). When 
applying the FITT principle it is important to remember that the type or style of activity or 
exercise prescription used on adults may be inappropriate for children. Participation in 
extracurricular activities or sports may or may not supply sufficient activity depending on the 
goals and objectives of the participant. Virtually every sport has playing positions that require 
little movement or techniques by which an individual can get by with a minimum of effort. 
Furthermore, programs placing an emphasis competition and excessive training is inappropriate 
for preschool children (American Academy of Pediatrics, 1992). 
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 The question of the amount of physical activity a child requires does not have a simple 
answer. The needs and concerns of a 12-year-old are not the same as those of a 6-year-old. The 
American Academy of Pediatrics (1992) suggests that, for children under the age of 6, any 
fitness or sport participation needs to carefully consider developmental requirements, limitations, 
and the fitness needs of this age group. The need for movement however is extremely important 
to provide the opportunity for the preschooler to do a number of things, including promotion of 
physical and cognitive development. The American Academy of Pediatrics (1992) suggest that if 
a child of this age is allowed to explore and move as they desire in a safe The American 
Academy of Pediatrics (1992) environment, that any special intervention would be unnecessary. 
The question that still remains to be answered is how much activity this actually entails. With 
children being placed in a variety of large group child care settings, are they being allowed to 
move and explore the environment as they would desire? The American Academy of Pediatrics 
(1992) stated that no general consensus on the amount or type of exercise for optimal health or 
function of children has been determined. Physical activity decreases during adolescence and for 
this reason more research has centered on this age group. Sallis and Patrick (1994) examine 
guidelines for adolescent physical activity including those that recommend adolescents need to 
be active daily and that at least 3 times a week the activity should be moderate to vigorous for at 
least 20 minutes. These establish some minimum guidelines, but the question of how much is too 
much still needs to be addressed. 
Rowland (1993) reviewed the benefits and risks of intensive training on the prepubertal 
athlete. A wide range of issues was reviewed, ranging from cardiac stress and skeletal damage to 
sexual development and hyperthermia. In this fairly thorough review, the primary conclusion is 
that more research is needed on prepubertal athletes. There was not much data to support the 
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notion that training children at a young age would be injurious to them with the exception of 
growth plate injuries, especially in gymnasts and baseball players. One could conclude, 
therefore, that not enough research has been completed to make any definitive statements on this 
subject. It is also important to remember that more than the child’s physiological performance 
needs to be addressed. Children are not miniature adults and the dose of activity must be 
predicated upon many factors, including the child’s interest, enjoyment, physical characteristics, 
of each individual child and the desired outcome. One study by DiLorenzo, Stucky-Ropp, 
Vander Wal, and Gotham (1998), concluded that for their subjects (grade 5 through 8) the child’s 
enjoyment of physical activity was the only consistent predictor of participation.  
Although the type or amount of physical activity required needs to be examined further, 
one point that seems to be irrefutable is that physical activity is important. It is undisputed that it 
should be a goal for children, adolescents, and adults to be physically active. If changes in 
cognitive function are correlated with fitness or activity levels, it is important to better 
understand what types of programs or activities children are currently involved in. And finally, 
although schools continue to reduce the opportunities for physical education and physical 
activity, even in light of all of the evidence supporting benefits by physically activity, the 
educational setting still has the greatest potential to promote physically active and healthy 
lifestyle (American School Health Association, 1997). Also, recognizing that the school setting 
is in a unique position to promote activity in students these summarized guidelines have been 
developed (American Academy of Pediatrics, 2000; Centers for Disease Control & Prevention, 
1997; The Council for Physical Education for Children, 1998) and would be relevant for a 
variety of venues that provide services for children. 
1. Establish policies that promote enjoyable, lifelong physical activity. 
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2. Provide physical and social environments that encourage and enable physical 
activity in a safe setting. Adult supervision, teaching, and instruction in safe 
methods of physical activity training, safe facilities, and the appropriate use of 
protective equipment are all components of a safe environment for physical 
activity. 
3. Implement physical education and health education curricula that emphasize 
enjoyable participation in physical activity and that help students to develop the 
knowledge, attitudes, motor skills, behavioral skills, and confidence needed to 
adopt and maintain physically active lifestyles.  
4. Provide extracurricular physical activity programs that address the needs and 
interests of all students. 
5. Include parents and guardians in physical activity instruction and extracurricular 
physical activity programs. Encourage parents and guardians to support their 
children’s participation in enjoyable physical activities, as well as to recognize 
their powerful influence as role models for active lifestyles. 
6. Provide education to personnel from teaching, coaching, recreation, health care, 
and school administration to effectively promote enjoyable, lifelong physical 
activity among youths.  
7. Regularly evaluate the school’s physical activity programs, including classroom 
instruction, the nature and level of student activity, and the adequacy and safety of 
athletic facilities.  
8. Establish relationships with community recreation and youth sports programs and 
agencies to coordinate and complement physical activity programs. 
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A.7 PURPOSE AND RATIONALE 
Current literature indicates that children and adults can gain myriad of health benefits from being 
physically active, and although children have responded to ‘intensive’ exercise programs the 
desirability of implementing such programs needs to be questioned and studied further. When an 
activity is enjoyable, children are more likely to continue participation and glean potential 
benefits.  Children and adults vary considerably in their experiences, genetic make up, interests 
and motivations. In older adults (Dipietro, Seeman, Merrill, & Berkman, 1996) the benefits of 
physical activity on cognitive function were not as significant when controlled for educational 
level.  
Studies have also indicated that activity and exercise can be a valuable asset and can be 
uniquely provided in the educational setting. The question is one of how physical activity can be 
implemented to render the greatest academic outcome. How physical activity impacts academics 
can be viewed from two perspectives, direct and indirect. Indirect would be how physical activity 
relates to factors impacting education but do not directly impact academic achievement. For 
example, physically active individuals have a higher incidence of positive lifestyle choices such 
as better stress management, lower levels of depression, good nutritional choices, reduced 
tobacco use, positive interpersonal relationships, reduced anxiety, a reduction in disruptive 
behaviors, and lower fatigue levels (Bouchard, Shephard, Stephens, Sutton, & McPherson, 1990; 
Hechinger, 1992; Meredith & Dwyer, 1991).  
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 A more difficult, yet poignant, question is whether physical activity has any direct 
impact on cognitive processing and academic achievement. The literature consistently supports 
the findings that physical activity and fitness are not detrimental to the educational process. 
Combining this with the documented positive benefits of physical activity from a physiological 
standpoint, as well as the fact that activity and fitness have shown positive benefits for 
psychological/mental health and quality of life, it is curious that the relationship of physical 
activity to cognitive function has not been more thoroughly examined. (Sallis & Patrick, 1994; 
Biddle,Sallis, & Calvill, 1998). 
A.8 SIGNIFICANCE OF THE STUDY 
The review of literature has demonstrated that a physically active lifestyle can have a positive 
impact on the level of health related fitness in children. Other anecdotal evidence in the literature 
review has indicated that physical activity can have a positive affect on individuals’ mental state. 
Furthermore research has demonstrated that new brain cells can be grown in humans. This 
information combined with the evidence supported by the literature that fit active older adults 
consistently perform better on cognitive processing activities sets precedence for the significance 
of this proposed study. If it can be demonstrated that physically activity and physically fitness in 
children leads to higher levels of performance on cognitive processing activities, then the 
significance of the study is evident. Increased physical activity and physical fitness level can 
affect cognitive function which could lead to a paradigm shift in the way programs such as 
physical education are viewed in an academic environment. 
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Research Protocol Abstract 
The Influence of Physical Fitness and Physical Activity On 
Cognitive Processing in Children 
Over the past thirty years research has concentrated on investigating the effects of 
physical activity on the physiological components of the human body. The research however has 
not thoroughly examined the effects of fitness and physical activity on cognitive functioning, 
especially in children. The purpose of this series of studies is to examine two aspects of the mind 
body connection: 1.) How does fitness level of children affect cognitive processing, and 2.) How 
does physical activity level of children affect cognitive processing.  
In older populations, physical activity has already been shown to relate to cognitive 
function (Emery 1995, Hassm’n, Koivula, 1975). When fit adults are compared to sedentary, low 
fit groups, the fit adults demonstrate faster simple and choice reaction times, thus they are faster 
at making decisions (Rowland 1990, Chodko-Zojko 1991). The research design in this series of 
studies expands these adult findings to children using a paradigm including: simple and choice 
reaction time tasks, a vigilance task, a dual task, and probed and semantic memory tasks.  
Subjects for the study will be children ranging in age from 6-to-12 years-of-age from the 
greater Pittsburgh and suburban region. Subjects will be assessed using several methods. Heart 
rate will be monitored using a Polar Protrainer NV heart rate monitor. A psychomotor cognitive 
processing assessment (including simple reaction time, choice reaction time, dual task-tracking 
and simple reaction time, vigilance, probed memory and semantic long-term memory) will be 
made using the self contained Psych E computer program. Finally health related fitness will be 
assessed using body composition calculated using the Tanita TBF-305 Bodyfat Analyzer, back 
saver sit-and-reach (hamstring flexibility), curl-ups (abdominal strength), modified pull-ups 
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(upper body strength) and physical work capacity (cardiorespiratory fitness) measured using a 
stationary Monark Cycle Ergometer. 
 Study 1 will examine how fitness level affects cognitive processing. The health 
related fitness levels of the subjects will be compared with their cognitive processing. The 
dependent variables are simple reaction time, choice reaction time, dual task-tracking and simple 
reaction time, vigilance, probed memory and semantic long-term memory. The hypothesis for 
study 1 is that the physically fit subjects will perform better on the dependent variables that the 
unfit subjects. A multivariate ANOVA will be calculated with follow-up ANOVA’s when 
appropriate.  
Study 2 mirrors study 1 but expands the design with the introduction of physical activity. 
In study 2 cognitive processing will be assessed twice, once following a 30 minute sedentary 
period and a second time following 30 minutes of physical activity with the subject maintaining 
a training heart rate. In this design fitness level and physical activity level will be compared to 
cognitive processing. The independent variables are fitness level (fit & unfit) and physical 
activity level (active, inactive). The design is therefore fitness level by physical activity level 
with repeated measures on the last factor. The dependent variables are simple reaction time, 
choice reaction time, dual task-tracking and simple reaction time, vigilance, probed memory and 
semantic long-term memory. It is hypothesized that the fit subjects will perform better than the 
unfit subjects on the dependent variables and that physically active fit subjects will score better 
on the dependent variables than all other treatment groups. 
Research Protocols 
1.0  Objectives and Specific Aims 
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The aim of this series of studies is to evaluate the relation of cognitive processing to 
physical fitness level and physical activity level. Study 1 (Table 1) will examine how cognitive 
processing differs in physically fit and unfit children. Study 2 (Table 2) will examine how 
physical activity, sedentary behavior, and fitness level affects cognitive processing.  
2.1 Background 
Research continues to address the issues of physical activity and physical fitness across the 
life span. One benefit of physical activity for an older population is improved cognitive 
performance (Chodzko-Zacjko 1991, Emery 1995, Hassm’en & Koivula, 1997, Spirduso, 1975) 
as measured using simple and choice reaction time paradigms. Adult research investigating the 
relationship between fitness level and cognitive function has shown a difference for choice but 
not simple reaction time tasks (Chodzko-Zacjko 1991, Emery, Huppert & Schein 1995, Spirduso, 
1975). Differences have also been shown for response selection or the speed of decision-making. 
Other studies support the theory that physical fitness can affect the decision making process in an 
older population (Etnier, Salazar, Landers, Novell, Petruzzello & Han, 1997). Similar research 
designs completed on children have also shown potential, however these studies are not as 
numerous as those on adults. Generalizations from adult studies must not be haphazardly applied 
to children for as the literature demonstrates children are not miniature adults. Younger children 
are regarded as less capable of controlling their attentional resources (Guttentag & Ornstein, 
1990). Children also differ from adults in their ability to process and recall information (Thomas, 
Thomas, & Gallagher 1994; French, Thomas, & Thomas, 1996, Ladewig, Gallagher, & Campos, 
1996, Thomas et. al, 1994). With these differences in mind it is interesting that pediatric 
cognitive processing has not been more thoroughly addressed. Mokgothu (2000) examined the 
relation of fitness and cognitive function in Botswanan children and found limited correlations. 
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His recommendations for future research included examining the benefits of fitness as related to 
cognitive functioning. His study looked at fitness level of the subjects but did not control for the 
physical activity level of the subjects The current study will introduce a more sensitive tool to 
measure cognitive function. It is hypothesized that physically fit children will have a higher 
cognitive processing level and that the cognitive processing levels of children will be higher 
following physical activity as opposed to physical inactivity. 
2.2 Significance 
Research data in adults indicate a connection between habitual physical fitness and cognitive 
function/performance but comparable information for children is limited. Research comparing 
activity levels to cognitive function/performance is almost nonexistent. A relationship between 
either physical fitness or physical activity and cognitive processing in children would provide 
grounds for improving education programs and increasing time allocated for physical education 
and exercise activities in a pediatric population. If the hypotheses of these studies are supported 
the need for a physically active lifestyle in children will be given more validity.  
 
3.0 Research Methods 
3.1 Apparatus and Procedures 
Physical Activity Level 
The physical activity level of the subject will be part of the design. Subjects will participate 
in a physically active or physically inactive session while having their heart rate monitored. A 
Polar Protrainer NV heart rate monitor will be used to collect heart rate information. Subjects 
will wear a small monitor attached to the chest, which through telemetry sends a signal to a 
watch-sized receiver on the wrist. The heart rate monitor gives instantaneous readings and stores 
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information on the time spent within, above, and below the training heart rate zone. For the 
purposes of this study physical inactivity will consist of the subject sitting at a desk doing paper 
and pencil activities (reading, coloring, etc.) in which the heart rate remains below the training 
heart rate level for 30 minutes. The physical activity session will consist of the normal games 
and activities in which the subjects are participating where the heart rate is within a bandwidth 
training heart rate level (220-the age of the subject *.50-.80) for 30 minutes 
Health Related Physical Fitness Assessment  
Fitness for this study is defined as falling within the age appropriate health related fitness 
zones for muscular flexibility, muscular strength/endurance, body composition (Cooper Institute 
for Aerobics Research, 1999) and physical work capacity. A child who falls within or above the 
health related fitness standards on all measurements will be considered physically fit. 
Flexibility (Hamstring) will be assessed using the Back Saver Sit-and-Reach test (Cooper 
Institute for Aerobics Research, 1999). This test uses a standard sit and reach box (12 inch high 
box with a yardstick attached with the 9-inch mark at the edge of the box.). Subjects remove 
shoes and sit with hips parallel to the box and one leg straight with the foot against the box and 
the other leg bent with the foot flat on the floor. The subject places one hand on top of the other 
with the palms down and reaches as far as possible. The subject attempts this four times with the 
best score recorded. The same procedure is repeated for the other leg. 
Muscular Strength/Endurance (Abdominal and Upper Body) Curl-ups will be used to 
measure abdominal strength and endurance (Cooper Institute for Aerobics Research, 1999). 
Equipment consists of a cardboard strip 30 inches long and 4 ½ inches wide for 10-to-17 year-
olds and 3 inches wide for 5-to-9 year-olds. The subject lies on a mat with knees bent and feet 
flat with the arms and hands flat (palms down) at their side. The subject begins with their fingers 
 125 
touching the near side of the measuring strip and curls up until their fingers touch the far side of 
the strip and then lower until their head lightly touches the mat. Repetitions are performed to an 
announced cadence of one curl-up every 3 seconds. 
Upper body strength and endurance will be assessed using a modified pull up test (Cooper 
Institute for Aerobics Research, 1999). This assessment uses a modified pull up bar where the 
student lies on their back to grab the bar using an overhand grip (reverse push up). The bar is 
adjusted so that it is 1 to 2 inches above the subject’s reach when they are lying on the floor and 
an elastic band is placed 7 to 8 inches below the bar. The starting position has the subject 
hanging from the bar, arms and body straight with the heels touching the floor. The subject’s 
body should not be touching the mat. To perform the test the subject pulls up until the elastic 
band touches just below the chin. The subject then lowers until the arms are straight. The test is 
continued until the subject performs two incorrect pull-ups. 
Body Composition: The Bodyfat Analyzer (Tanita TBF-305) will be used to measure body 
composition. It is the size of a bathroom scale and calculates the child’ body fat percentage.  The 
instrument is attached to a small unit that displays the reading for each subject. The subject 
removes his/her shoes and socks and stands on a Detecto-Medic Balance scale to measure height 
to the nearest cm. After recording the height of the subject on paper, the body fat analyzer will be 
switched on. The instrument will be calibrated for ‘child’ and the appropriate ‘gender’ will be 
selected. The height of the subject will be entered into the unit. The subject will step on the scale 
and remain motionless for 15 seconds. The unit will produce a printout of the subject’s height in 
feet and inches, weight in pounds, body mass index, fat percentage, and fat mass. 
Aerobic Capacity will be assessed using a physical work capacity test. A Monark Cycle 
Ergometer (model 818) will be used to assess Cardiorespiratory fitness. The seat will be adjusted 
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to 95% of the subjects leg length with the ball of the foot on the pedal at maximal leg extension. 
The subject will assume an upright-seated posture with hands properly positioned on the 
handlebars and will be given a 2-min. warm up period to familiarize him or herself with the 
equipment. Since the subjects are children the initial load setting will be .25 kg with a pedal rate 
of 60 rev/min. Using a Polar heart rate monitor the subjects heart rate will be monitored every 
minute. Cycling will be terminated when the subject attains a heart rate of 150 b/min. or requests 
termination of the test due to fatigue. Exercise intensity will be increased gradually through the 
stages of the test using work increments of .5, 1, 1.5, 2, 2.5, 3, 3.5kg. An estimate of PO150, 
PO195, VO2 at 150, and VO2 at 195 will be calculated using a linear regression equation. Using 
the ACSM’s metabolic equation [Resistance x 2 (constant) x  60 (rev/min) x 2.33 (pedal 
distance) + (2 x PO) + 300 (body weight + 3.5 resting HR] absolute VO2 max will be calculated. 
To find the relative VO2 max, the absolute VO2 max will be divided by the subjects body 
weight. Upon completion of the test subjects will cool down for 2 minutes at .30 rpm. 
 
Cognitive Assessment 
Cognitive Assessment will be completed using the Psych E self-contained computer program 
for conducting psychomotor assessment.  The program runs on an IBM-compatible personal 
computer and records all scores and times. The programs six tests require a total administration 
time of approximately 20 minutes. Program designers selected these tests from the literature, to 
assess psychomotor function (Hope, Woolman, Gray, Asbury, & Millar, 1998). 
1.) Discrete simple reaction time: The subject holds down the spacebar. After a 
random interval (1 to 10 seconds) a small sun symbol (signal) appears in a random position on 
the screen. The test consists of 20 trials. On the appearance of the signal, the subject is required 
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to lift his/her finger from the spacebar and press any of the target keys; these are the keys 4-9 on 
the top row of the keyboard. For correct responses, the total reaction time and its components are 
recorded separately to within 1 millisecond. 
2.) Discrete 6-choice reaction time: The subject depresses the spacebar and a 
representation of the 6 target keys (keys 4-9 on the top row of the keyboard) is shown on the 
computer screen. After a random interval (1 to 10 seconds) one of these keys is highlighted and 
the subject is required to press the corresponding key on the keyboard. For each correct response, 
reaction time and movement time are recorded. 
3.) Duel task – tracking and simple reaction time: This test has a primary task of 
tracking, and a secondary reaction task. The test is designed to measure impairments in the 
secondary task while keeping the subject focused on the primary task. The primary task requires 
the subject to use a mouse to follow a smooth but randomly moving target on the computer 
screen (percentage of time-on-target is recorded). At random intervals the secondary task 
stimulus (a small sun symbol) is presented. The time taken for the subject to press the spacebar is 
measured, with total response time, reaction time and movement time being recorded separately 
4.) Numeric vigilance: Three-digit numbers are presented on the computer screen at a 
rate of 100 per minute. Each number differs randomly from the previous number in one of the 
digits. Of the numbers presented during the test, 8% are duplicates of the previous number. The 
subject is required to identify these duplicates and press the spacebar as they occur. Correct 
responses (“hits”), missed duplicates (“misses”), and incorrect duplications responses (“false 
alarms”) are recorded.  Test duration is four minutes. 
5.) Probed memory: This test assesses short-term memory. Subjects will be instructed 
that they will be shown a series of consonants, and to try to remember the letters. A sequence of 
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eight consonants is presented with a new consonant being added every second. All the 
consonants in the sequence remain visible until the last consonant in the list is displayed. After 
an additional one second the complete sequence of 8 characters is blanked out. The subject is 
presented with a consonant and asked whether or not it had been part of the list; 50% of the 
probe consonants belong to the original list. The percentage of correct responses is recorded.  
6.) Semantic long-term memory: This test displays category-word pairs selected at 
random from a database of 20 categories and 760 words. The words used are of two kinds: high-
dominance (frequently used in everyday communication) or low-dominance (infrequently used 
in everyday communication). Equal numbers from each dominance category are used in the 
course of a single test. A category-word pair is presented to the subject who has to decide, and 
indicate with a key press whether or not the word represents a member of the displayed category. 
Separate reaction times are recorded for high dominance, low dominance and negative 
presentations. 
 
3.2 Research Methods 
Subjects for the two studies will be children 6 to 12 years-of-age enrolled in or attending 
programs in the North Versailles School District, University of Pittsburgh or Indiana University 
of Pennsylvania. An informed consent will be obtained for all subjects. Data will be collected 
over a two or three-day period depending on the study. Study 1 (Table 1) will measure subjects 
health related fitness level, achievement assessment and cognitive assessment. Analysis will 
determine if fitness level has an affect on cognitive processing. Study 2 (Table 2) will further 
expand study 1 by introducing physical activity or inactivity. The design for Study 2 will divide 
subjects into two procedural subgroups to control for a learning curve with the subjects being 
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either physically active or inactive prior to taking the cognitive assessment. This will allow the 
researcher to examine the affect of physical activity on cognitive processing.  
3.3 Design and Data Analysis 
Subjects will be classified as fit or unfit based on their health related fitness scores.  In Study 
1 the fit and unfit groups will be compared on cognitive assessment measures. Thus the design of 
the study is fitness level (fit and unfit). The dependent variables are simple reaction time, choice 
reaction time, dual task-tracking and simple reaction time, vigilance, probed memory and 
semantic long-term memory. The hypothesis for study 1 is that the physically fit subjects will 
perform better on the dependent variables that the unfit subjects. A multivariate ANOVA will be 
calculated with follow-up ANOVA’s when appropriate. 
In study 2 the independent variables are fitness level (fit and unfit) and physical activity level 
(active, inactive). The design is therefore fitness level by physical activity level with repeated 
measures on the last factor. The dependent variables are simple reaction time, choice reaction 
time, dual task-tracking and simple reaction time, vigilance, probed memory and semantic long-
term memory. It is hypothesized that the fit subjects will perform better than the unfit subjects on 
the dependent variables and that physically active fit subjects will score better on the dependent 
variables than all other treatment groups. 
 
4.0  Human Subjects 
4.1 General Characteristics – Minority Inclusion and Non-Discriminatory Statement 
The study will be conducted using subjects enrolled in programs at Indiana University of 
Pennsylvania campus, University of Pittsburgh Campus, and elementary and secondary schools 
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in the North Versailles School District, Allegheny County Pennsylvania. No exclusion criteria 
shall be based on race, ethnicity, gender, or HIV status. 
4.2 Inclusion of Children in Research 
1. The age ranges included are elementary school aged children (ages 6-12). The rationale for 
using this age range is the educational significance that this line of research could have. 
Supporting rationale is that it is the emphasis area (motor development) for the investigators and 
that research in this age group is deficient as compared to adolescents and adults. 
2. Gary Clark has a Bachelors degree in recreation, a Masters degree in Physical Education 
and is a Pennsylvania certified Health and Physical Education teacher. He currently is 
completing a Ph.D. in motor development. Over the last 12 years he has been involved in a 
variety of programs for children from preschool to the college level. He has coached a variety of 
sports, directed and worked at a sport and physical activity camps, worked in the fitness industry, 
taught health and physical education (K-12) in the Pennsylvania public school system, and has 
taught a variety of undergraduate and graduate courses at the collegiate level.  
Allen R. Wagner has a Bachelors degree in Health and Physical Education, a Masters 
degree in Physical Education, and is a Certificated School Guidance Counselor and Health and 
Physical Education teacher. He currently is completing a Ph.D. in motor development. He has 
been an educator working with children for 32 years, has taught physical education for 27 years 
and been a school guidance counselor for 5 years.  
Jere Gallagher has a PhD in Motor development.  She has conducted research using 
children as subjects for more than twenty years. 
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3. The facilities required for data collection are more than adequate at each site, including 
gymnasiums and classrooms. The camps and classes that operate at each location have 
developmentally appropriate equipment and facilities, as the preexisting programs already cater 
to this age group. 
4. Required sample sizes for the statistical analysis that will be used have been examined to 
ensure a statistically powerful test. Participation of 20 subjects would suffice.  
5. It is anticipated that a total of 30-60 subjects will be enrolled (approximately 20 subjects 
from each site). 
6. Not applicable 
 
Criterion 1: The research presents no greater than minimal risk to the involved 
children.  
(45 CFR 46.404) 
 
4.4 Recruitment Procedures 
 Potential subjects will be children enrolled in camps and educational programs at the 
University of Pittsburgh, Indiana University of Pennsylvania, and East Allegheny School District 
These programs normally incorporate the same or similar activities as the data being collected as 
part of their normal itinerary. All parents/guardians of children participating in these programs 
will receive a letter inviting them to participate in the study.  
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4.5 Risk/Benefit Ratio 
The risks involved in the study are minimal; children may experience fatigue or soreness.  
Children will be individually tested and their scores will be explained to them in private. 
Recommendations will be given to each child on how to improve their test results with special 
consideration given to children with poor fitness or body composition test results. 
The principle and co investigators will oversee the data safety and monitoring with at least 
one of the investigators being on site for all data collection. To ensure confidentiality all data 
collected will remain on the person of the investigators or in a locked office. 
The investigators will monitor all parts of the research study including participant 
recruitment (all children enrolled in the programs will be invited to participate), data quality, and 
constant analysis of risk benefit ratio to determine the need for study modifications or 
termination and will review pertinent scientific literature for information that may affect safety 
of study participants or the ethics of the research study.  
The researchers have a commitment to comply with the IRB’s policies for reporting serious 
and unexpected adverse events as discussed in the IRB Reference Manual (Chapter 3.0, sections 
3.4 and 3.5). The principle and co investigators will annually review all data and safety 
monitoring procedure and report to the IRB the frequency of monitoring, a summary of adverse 
event data, a summary of current literature that could affect safety or ethics of the study, the 
outcome of procedural reviews to ensure subject privacy and research confidentiality, and any 
changes in the benefit-to-risk ratio of study participation with final recommendations for 
continuing, changing, or terminating the study. 
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5.0 Cost and Payment 
5.1Research Study Cost 
There is no cost to the subject for participating in the study.  
5.2 Research Study Payments 
No one will be reimbursed for participation in this study. 
6.0 Appendices 
Qualifications of investigators 
Principle Investigator 
Gary Clark has a Bachelors degree in recreation, a Masters degree in Physical Education 
and is a Pennsylvania certified Health and Physical Education teacher. He currently is 
completing a Ph.D. in motor development. Over the last 12 years he has been involved in a 
variety of programs for children from preschool to the college level. He has coached a variety of 
sports, directed and worked at a sport and physical activity camps, worked in the fitness industry, 
taught health and physical education (K-12) in the Pennsylvania public school system, and has 
taught a variety of undergraduate and graduate courses at the collegiate level.  
Co-investigators 
Allen R. Wagner has a Bachelors degree in Health and Physical Education, a Masters 
degree in Physical Education, and is a Certificated School Guidance Counselor. He currently is 
completing a Ph.D. in motor development. He has been an educator working with children for 32 
years, has taught physical education for 27 years and been a school guidance counselor for 5 
years.  
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Jere Gallagher has a PhD in Motor development.  She has conducted research using 
children as subjects for more than twenty years. 
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research proposal and have determined that 1) the listed investigators are members or associates of the medical staff of 
the hospital where the research will be conducted and have been appropriately granted hospital privi leges to perform the 
procedures outlined in the research proposal; and/or 2) the listed investigators are employees of the hospital whose job 
descriptions and competencies qualify them to perform the procedures outlined in the research proposal. 
 
 
 
Department/Division Chairman   Date  
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CERTIFICATION OF INVESTIGATOR RESPONSIBILITIES 
By signing below I agree/certify that: 
1. I have reviewed this protocol submission in its entirety and that I am fully cognizant of, and in agreement 
with, all submitted statements. 
2. I will conduct this research study in strict accordance with all submitted statements except where a change 
may be necessary to eliminate an apparent immediate hazard to a given research subject. 
• I will notify the IRB promptly of any change in the research procedures necessitated in the interest of 
the safety of a given research subject. 
• I will request and obtain IRB approval of any proposed modification to the research protocol or 
informed consent document(s) prior to implementing such modifications. 
3. I will ensure that all co-investigators, and other personnel assisting in the conduct of this research study 
have been provided a copy of the entire current version of the research protocol and are fully informed of 
the current  (a) study procedures (including procedure modifications); (b) informed consent requirements 
and process; (c) potential risks associated with the study participation and the steps to be taken to prevent 
or minimize these potential risks; (d) adverse event reporting requirements; (e) data and record-keeping 
requirements; and (f) the current IRB approval status of the research study. 
4. I will not enroll any individual into this research study: (a) until such time that the conduct of the study has 
been approved in writing by the IRB; (b) during any period wherein IRB renewal approval of this research 
study has lapsed; (c) during any period wherein IRB approval of the research study or research study 
enrollment has been suspended, or wherein the sponsor has suspended research study enrollment; or (d) 
following termination of IRB approval of the research study or following sponsor/principal investigator 
termination of research study enrollment. 
5. I will respond promptly to all requests for information or materials solicited by the IRB or IRB Office. 
6. I will submit the research study in a timely manner for IRB renewal approval. 
7. I will not enroll any individual into this research study until such time that I obtain his/her written informed 
consent, or, if applicable, the written informed consent of his/her authorized representative (i.e., unless the 
IRB has granted a waiver of the requirement to obtain written informed consent ). 
• I will employ and oversee an informed consent process that ensures that potential research subjects 
understand fully the purpose of the research study, the nature of the research procedures they are being 
asked to undergo, the potential risks of these research procedures, and their rights as a research study 
volunteer. 
8. I will ensure that research subjects are kept fully informed of any new information that may affect their 
willingness to continue to participate in the research study. 
9. I will maintain adequate, current, and accurate records of research data, outcomes, and adverse events to 
permit an ongoing assessment of the risks/benefit ratio of research study participation. 
10. I am cognizant of, and will comply with, current federal regulations and IRB requirements governing 
human subject research including adverse event reporting requirements. 
11. I will make a reasonable effort to ensure that subjects who have suffered an adverse event associated with 
research participation receive adequate care to correct or alleviate the consequences of the adverse event to 
the extent possible. 
12. I will ensure that the conduct of this research study adheres to Good Clinical Practice guidelines.  
 
Gary E. Clark 
  
Principal Investigator Name 
(typed) 
Principal Investigator signature Date 
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B.2 RENEWAL REPORT 
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B.3 INFORMED CONSENT 
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B.4 PARENT CONTACT LETTERS 
B.4.1 Introduction 
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B.4.2 Thank You Letter 
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B.4.3 Photo Release 
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B.4.4 Data Collection Directions 
Data Collection Directions & Form 
 
Name:______________________________ 
Gender:  Male / Female  (Circle One) 
Height: Feet ________ Inches _______ 
Weight: Pounds ________ 
Age:  Years _______ 
Birth Date MM/DD/YYYY  ____ / ____ / _______ 
 
 
Heart Rate Monitor 
 
Putting on the HR Monitor 
 
Equipment needed includes the wristwatch, transmitter, and an elastic strap. 
Select the proper size elastic strap for the subject. 
Ask the subject to put on the wristwatch. 
Show the subject the transmitter, show them the electrodes that must be in contact with the skin. 
Explain that the transmitter senses their HR and sends a signal to the watch. 
Describe to the subject where their sternal notch is, and explain that the transmitter should be 
centered over that spot. 
Have the subject put on the transmitter. 
Tell the subject not to press any of the buttons on the watch. 
Ask the subject if they have any questions. 
Press the red ‘start button’ on the watch and have the subject hold the watch near their chest until 
a HR is displayed and the coded signal locks in. 
At the end of the session press the blue button twice to stop recording. The time of day screen 
will appear. 
 
 
Activity or Sedentary Session 
 
Record the date and time on the data form. 
Press the red button to start recording, have the subject hold the watch near the chest until HR is 
displayed and coded signal locks in. 
Following the session press the blue button twice and the time of day screen will be displayed. 
Press the upper right button once, the screen will read file. 
Press the red button twice, the screen will read in zone. Read and record the zones. The middle 
row shows time spent in target zone, the lower row shows average heart rate. 
Press the upper right button once. The screen will read above, read and record the time spent 
above the target zone. 
Press the upper right button once. The screen will read below, read and record the time spent 
below the target zone. 
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Press and hold the blue button to return to time of day screen. 
 
Activity HR      Sedentary HR 
 
Date: _____ / ______ / ________   Date: _____ / ______ / ________ 
Time: ____:_____     Time: ____:_____ 
In Zone: ______     In Zone: ______ 
Avg. HR: ______     Avg. HR: ______ 
Above TZ: ______     Above TZ: ______ 
Below TZ: ______     Below TZ: ______ 
 
Activity 
 
Physical Activity 
 
The subject will put on the Polar E600 heart rate monitor (refer to heart rate monitor section).  
Explain to the subject that the goal is to keep their heart rate in their training zone for 20 out of30 
minutes. Walk with the subject, observe their heart rate, and provide feedback to help them stay 
within their training zone. 
 
Sedentary Behavior 
 
The subject will put on the Polar E600 heart rate monitor (refer to heart rate monitor section). 
Explain to the subject that the goal is simply to sit and relax for 30 minutes. Observe the activity 
being completed and provide feedback to keep the subject relaxed with the heart rate below the 
training zone. 
 
Psych E 
 
Enter Subject Data 
Click on the Pscyh E icon to open the software program. 
Click the tab titled ‘new subject’ and enter the data (subject information) from the form below 
into the computer, then click the O.K. button. 
Click the ‘study group’ tab and highlight the following sedentary behavior tab. Highlight the 
subject you just entered from the subjects not in group column, and press the add button. Repeat 
this procedure adding the subject to the following activity group. 
 
Psych E subject information 
 
Forename (First Name): __________________ 
Surname (Last Name): __________________ 
Subject Number:  _____  (Number will be assigned by computer) 
DoB (dd/mm/yyyy)  __________________  
 
Following Activity 
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Click on the Psych E icon to open the software program. 
Click on the test setup tab and select ‘Diss’ from the test set name. 
Click on the study group tab and select ‘Following Activity’ from the study group column. 
Highlight the subjects name from the ‘subjects in group’ column. 
 
Prior to starting the assessment, click the demo tab, select each test to be used and read the 
directions for the test. Select run test button and allow the subject to practice each test until they 
understand the procedure. Click the end button to stop the demonstration. Ask the subject if they 
have any questions. 
 
Click the test session tab from the top of the page. The subjects name should appear. Click on 
their name to start the assessment. The name will appear for each test. Remind the subject of the 
test procedures and ask them if they have any questions. Press the start test button for each test. 
 
Start test:  Simple Reaction Time 
Start test:  Choice reaction 
Start test: Dual task 
Start test: Vigilance 
Start test: Probed memory 
 
Following Sedentary Behavior 
 
Click on the Psych E icon to open the software program. 
Click on the test setup tab and select ‘Diss’ from the test set name. 
Click on the study group tab and select ‘Following Sedentary Behavior’ from the study group 
column. 
Highlight the subjects name from the ‘subjects in group’ column. 
 
Prior to starting the assessment, click the demo tab, select each test to be used and read the 
directions for the test. Select run test button and allow the subject to practice each test until they 
understand the procedure. Click the end button to stop the demonstration. Ask the subject if they 
have any questions. 
 
Click the test session tab from the top of the page. The subjects name should appear. Click on 
their name to start the assessment. The name will appear for each test. Remind the subject of the 
test procedures and ask them if they have any questions. Press the start test button for each test. 
 
Start test:  Simple Reaction Time 
Start test:  Choice reaction 
Start test: Dual task 
Start test: Vigilance 
Start test: Probed memory 
 
 
Tower of Hanoi 
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Double click the ‘Tower Of Hanoi’ Full Folder to open it. 
Double click the ‘Hanoi’ Icon. 
The tower of Hanoi Screen will open. 
 
Subject Orientation  
 
Select the ‘Options’ button. 
Select 2 Discs, Source Picket Left, and Destination Picket Right. 
Click ‘OK’ 
Click the ‘Solve Puzzle Manually’ button 
Ask the subject to read the ‘Mouse Operation’ directions displayed on the screen. 
Ask the subject if they have any questions. 
Allow the subject to solve the puzzle. 
 
Assessment 
 
Record the date and time on the subjects data sheet. 
Click the ‘Reset’ button 
Select the ‘Options’ button. 
Set the number of Discs to ‘3’, Select the Source and Destination Picket. 
Click ‘OK’ 
Click the ‘Solve Puzzle Manually’ button 
Review the ‘Mouse Operation’ directions and see if the subject has further questions. 
Allow the subject to solve the puzzle. 
Record the ‘Moves Taken’ 
Record the ‘Time Taken’ 
Exit the Program 
 
 
Following Activity     Following Sedentary Behavior 
 
Date: _____ / ______ / ________   Date: _____ / ______ / ________ 
Time: ____:_____     Time: ____:_____ 
Number of Discs _____    Number of Discs _____ 
Source Picket __________    Source Picket __________ 
Destination Picket ___________   Destination Picket ___________ 
Moves Taken _________    Moves Taken _________ 
Time Taken _________    Time Taken _________ 
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Appendix C 
STATISTICAL TABLES 
Table 11: Original Data Paired Samples Statistics 
  Mean N Std. Deviation 
Std. Error 
Mean 
Choice RT Following 
Activity Percent Correct 98.3784 37 3.13006 .51458
Pair 1 
Choice RT Following 
Sedentary Percent Correct 99.4595 37 1.57400 .25876
Choice RT Following 
Activity Thinking Time 628.1081 37 189.59662 31.16949
Pair 2 
Choice RT Following 
Sedentary Thinking Time 693.2703 37 187.93020 30.89553
Choice RT Following 
Activity Movement Time 449.0000 37 111.59923 18.34680
Pair 3 
Choice RT Following 
Sedentary Movement Time 536.1081 37 178.59619 29.36103
Choice RT Following 
Activity Total Time 1077.0270 37 237.66439 39.07178
Pair 4 
Choice RT Following 
Sedentary Total Time 1234.4595 37 256.63112 42.18990
Simple RT Following 
Activity Thinking Time 475.6486 37 141.15697 23.20606
Pair 5 
Simple RT Following 
Sedentary Thinking Time 585.2703 37 345.02566 56.72187
Simple RT Following 
Activity Movement Time 363.4054 37 123.65689 20.32907
Pair 6 
Simple RT Following 
Sedentary Movement Time 545.4865 37 234.91850 38.62036
Pair 7 Simple RT Following 
Activity Total Time 839.5405 37 196.30851 32.27292
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  Simple RT Following 
Sedentary Total Time 1132.3784 37 469.50922 77.18684
Probed Memory Percent 
Correct Following Activity 74.4595 37 10.59244 1.74139
Pair 8 
Probed Memory Percent 
Correct Following 
Sedentary 
71.7568 37 12.65000 2.07965
Dual Task Following 
Activity Reaction Time 514.8108 37 100.76150 16.56509
Pair 9 
Dual Task Following 
Sedentary Reaction Time 519.2162 37 92.83233 15.26154
Dual Task Following 
Activity False Hits 5.0000 37 11.38225 1.87123
Pair 
10 
 
Dual Task Following 
Sedentary False Hits 5.2432 37 14.68447 2.41411
Dual Task Following 
Activity Misses 1.8378 37 1.34399 .22095
Pair 
11 
Dual Task Following 
Sedentary Misses 2.7568 37 1.36230 .22396
Dual Task Following 
Activity Time on Target 10.4054 37 19.35410 3.18179
Pair 
12 
Dual Task Following 
Sedentary Time on Target 1.1081 37 6.74036 1.10811
Vigilance Following Activity 
Number of Hits 9.9730 37 2.88181 .47377
Pair 
13 
Vigilance Following 
Sedentary Number of Hits 8.0541 37 2.82790 .46490
Vigilance Following Activity 
Number of Misses 4.9730 37 2.88181 .47377
Pair 
14 
Vigilance Following 
Sedentary Number of 
Misses 
6.8919 37 2.74655 .45153
Vigilance Following Activity 
False Hits 8.4054 37 9.85015 1.61936
Pair 
15 
Vigilance Following 
Sedentary False Hits 15.4865 37 33.90970 5.57472
Tower of Hanoi Total 
Moves Following Activity 26.3514 37 8.92940 1.46798
Pair 
16 
Tower of Hanoi Total 
Moves Following Sedentary 27.0811 37 11.30236 1.85810
Tower of Hanoi Time to 
Complete Following Activity 77.8919 37 43.12500 7.08971
Pair 
17 
Tower of Hanoi Time to 
Complete Following 
Sedentary 
116.9459 37 73.59308 12.09863
Pair 
18 
Average Heart Rate for 
Activity Session 126.3784 37 8.66459 1.42445
 166 
  HR Average for Sedentary 
Session 85.1622 37 9.59315 1.57710
 
 
Table 12: Original Data Paired Samples Test 
Paired Differences 
95% Confidence 
Interval of the 
Difference 
  Mean 
Std. 
Deviation 
Std. 
Error 
Mean Lower Upper t df 
Sig. (2-
tailed) 
Pair 
1 
Choice RT 
Following Activity 
Percent Correct - 
Choice RT 
Follwoing 
Sedentary 
Percent Correct 
-1.08108 3.75188 .61680 -2.33202 .16986 -1.753 36 .088
Pair 
2 
Choice RT 
Following Activity 
Thinking Time - 
Choice RT 
Following 
Sedentary 
Thinking Time 
-65.16216 176.92583 29.08643 -124.15217 -6.17215 -2.240 36 .031
Pair 
3 
Choice RT 
Following Activity 
Movement Time - 
Choice RT 
Following 
Sedentary 
Movement Time 
-87.10811 126.14647 20.73835 -129.16744 -45.04878 -4.200 36 .000
Pair 
4 
Choice RT 
Following Activity 
Total Time - 
Choice RT 
Following 
Sedentary Total 
Time 
-
157.43243 241.98801 39.78258
-
238.11525 -76.74961 -3.957 36 .000
Pair 
5 
Simple RT 
Following Activity 
Thinking Time - 
Simple RT 
Following 
Sedentary 
Thinking Time 
-
109.62162 373.70126 61.43611
-
234.21982 14.97658 -1.784 36 .083
Pair 
6 
Simple RT 
Following Activity 
Movement Time - 
Simple RT 
Following 
Sedentary 
Movement Time 
-
182.08108 178.28276 29.30951
-
241.52351
-
122.63865 -6.212 36 .000
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Pair 
7 
Simple RT 
Following Activity 
Total Time - 
Simple RT 
Following 
Sedentary Total 
Time 
-
292.83784 450.04176 73.98641
-
442.88923
-
142.78645 -3.958 36 .000
Pair 
8 
Probed Memory 
Percent Correct 
Following Activity 
- Probed Memory 
Percent Correct 
Following 
Sedentary 
2.70270 12.05281 1.98147 -1.31590 6.72131 1.364 36 .181
Pair 
9 
Dual Task 
Following Activity 
Reaction Time - 
Dual Task 
Following 
Sedentary 
Reaction Time 
-4.40541 73.97652 12.16166 -29.07041 20.25959 -.362 36 .719
Pair 
10 
Dual Task 
Following Activity 
False Hits - Dual 
Task Following 
Sedentary False 
Hits 
-.24324 16.90892 2.77981 -5.88096 5.39447 -.088 36 .931
Pair 
11 
Dual Task 
Following Activity 
Misses - Dual 
Task Following 
Sedentary Misses 
-.91892 1.99135 .32738 -1.58287 -.25497 -2.807 36 .008
Pair 
12 
Dual Task 
Following Activity 
Time on Target - 
Dual Task 
Following 
Sedentary Time 
on Target 
9.29730 18.28610 3.00622 3.20041 15.39419 3.093 36 .004
Pair 
13 
Vigilance 
Following Activity 
Number of Hits - 
Vigilance 
Following 
Sedentary 
Number of Hits 
1.91892 2.87110 .47201 .96164 2.87619 4.065 36 .000
Pair 
14 
Vigilance 
Following Activity 
Number of Misses 
- Vigilance 
Following 
Sedentary 
Number of Misses 
-1.91892 2.79263 .45911 -2.85003 -.98781 -4.180 36 .000
Pair 
15 
Vigilance 
Following Activity 
False Hits - 
Vigilance 
Following 
Sedentary False 
Hits 
-7.08108 26.81767 4.40880 -16.02254 1.86038 -1.606 36 .117
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Pair 
16 
Tower of Hanoi 
Total Moves 
Following Activity 
- Tower of Hanoi 
Total Moves 
Following 
Sedentary 
-.72973 12.03617 1.97873 -4.74279 3.28333 -.369 36 .714
Pair 
17 
Tower of Hanoi 
Time to Complete 
Following Activity 
- Tower of Hanoi 
Time to Complete 
Following 
Sedentary 
-39.05405 57.67146 9.48113 -58.28268 -19.82543 -4.119 36 .000
Pair 
18 
Average Heart 
Rate for Activity 
Session - HR 
Average for 
Sedentary 
Session 
41.21622 11.89336 1.95526 37.25077 45.18166 21.080 36 .000
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